


gL See ee 


- ’ de 2 


© HITACHI® HD6301/HD6303 SERIES HANDBOOK 
¢ USER'S MANUALS 
¢ SOFTWARE APPLICATION NOTES 
¢ HARDWARE APPLICATION NOTES 
¢ WIDE TEMPERATURE 
SPECIFICATIONS 





#U07 








~HD6301/HD6303 SERIES HANDBOOK 


#U07 


~ USER'S MANUALS: 


HD6301V1/HD6303R 

© HD63701V 

® HD60301 X0/HD6303X/HD63701 XO 
® HD6301 YO/HD6303Y/HD63701 YO 


H SOFTWARE APPLICATION NOTES 





f! HARDWARE APPLICATION NOTES 





— C LANGUAGE PROGRAMMING TECHNIQUES 





M™ APPENDIX: 

HD6301V/HD6303R O and A 
HD6301X0/HD6303X OSCILLATOR CIRCUIT 

© WIDE TEMPERATURE RANGE SPECIFICATIONS 
-40°C to +85°C (J VERSION) 





When using this document, keep the following in mind: 


This document may, wholly or partially, be subject to change without 
notice. 


All rights are reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this document without Hitachi’s permission. 


. Hitachi will not be held responsible for any damage to the user that may 
result from accidents or any: other reasons enn operation of the user’s 
unit according to this document. 


Circuitry and other examples described herein are meant merely to indi- 
cate the characteristics and performance of Hitachi’s semiconductor prod- 
ucts. Hitachi assumes no responsibility for any intellectual property claims 
or other problems that may result from applications based on the examples 
described herein. 


No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 


MEDICAL APPLICATIONS: Hitachi’s products are not authorized for 
use in MEDICAL APPLICATIONS without the written consent of the 
appropriate officer of Hitachi’s sales company. Such use includes, but is 
not limited to, use in life support systems. Buyers of Hitachi’s products are 
requested to notify the relevant Hitachi sales offices when planning to use 
the products in MEDICAL APPLICATIONS. 





September 1989 © Copyright 1989, Hitachi America, Ltd. yo Printed in U.S.A. 


INDEX 


Ouick Reference Guide 7 | 


Addressing Modes, CPU Architecture, and Instruction Set & a 


HD6301V1/HD6303R User’s Manual fim 


HD63701V User’s Manual 3 i 


HD6301 X0/HD6303X/HD63701 XO User's Manual & 


HD6301Y0/HD6303Y/HD63701Y0 User’s Manual (ill 


Software Application Notes Hill 


Hardware Application Notes <_ 


C Language Programming Techniques ee 


APPENDIX: Fag 

HD6301V1/HD6303R Q and A—HD6301X0/HD6303xX Oscillation Circuit Fy 
Wide Temperature Range Specifications, -40°C to +85°C, (J Version) fad 
Hitachi Sales Offices Section 10, Page 1318 [iaeae 





-— @ HITACHI 


TABLE OF CONTENTS 


Section 1. 
Quick Reference Guide 


QUICK REFERENCE GUIDE: cic ai cae atv babin eiae eared atte eels 
PACKAGE REFERENCE GUIDE: iss c ss cciey is cued eae wie Camels jee 


Section 2 

Addressing Modes, CPU Architecture, and Instruction Set 

Ty. ASSEMBLY: LANGUAGE «2 i.odirs scant eee we Roe es et OSS G5.45 Woe ate ewes 
1. §6-AdGressing MOdeS: s's3<2s4i4..0eia ee dna dee ks eee ee 
Ika. CPU REGISICISs 4 cnci.0 tian die oa a teen eee ted Rd eee esis 
13: “Instruction: Set DetallSs:c oss¢-csc0 eeeeeeteacawsd beats saeeuataaens 


Section 3 

HD6301V1/HD6303R User’s Manual 

Notice on HD6301V1 and HD6303R ..... 1... ee ee ee 

13. (OVERVIEW 2245023 t¢eelesun ceeds cee eet eae error ee see 
1.1. Features of HD6301V1 .. 0. eee ee eee ee ees 
AZ - tBIOCK DIAQlANMicascite Sind Ste as ee mise ares ie doa Bee eed ee ere hewn 
1.3. Functional Pin Description ..........0 0.0... ccc ee eee eee 


2. INTERNAL ARCHITECTURE AND OPERATIONS.....................- 
al (Mode S6leClOn.30464.4 ie seteceet tiietan aye hee ens meee ees 
Ze. -MCMONR Map acts cau ose ac.4-eie oS wae ai sxe aioe eranaet wera as esas 
2.3 ACOISICIS 4.5.4 Sek torch eee eae eed dower bere c ae Belg Sart Me sang 
2.  WOVPONS ste ua ieee he aa eat here a a ee eee eee ee oS 
2.5. ‘Programmanle TimM@hiis..6+504.c0 ces New dedi ek eteS ewe ees 
2.6 Serial Communication Interface .............-. 1 eee eee eee 
et NMCMUDIS cay its tos dae doe i ees tea ceewes i dseachagaciee. eee 


2.8 JRGSCR ss 6256423 Garis wae oe ee aw Os ane wae eae ee ee 


29. <OSCiNAIOEs 2iodci odin dh ees Be awed eh ee oe cae ee eer ee we 


ZAO-: -SWODS SIGH AIS sic sc'sccs.te ee aan ob awee wien hae ee wed Sees ees 


2:11 :RAM Control R6GISICE 4.06.20 sce Swear 6 Ha ete eee 
2.12 Low Power Consumption Mode............ 0.0.00 cece cece eee enes 
243: TRAP FUNCION 5 oe V2 ste che ee we ba herd eee ee alae ee ee 


© HITACHI 


Page 


Page 
17 
17 
26 
28 


3. INSTRUCTIONS ...... Pe BLE, Oak. ad: ee eee ee ee 168 


3.1 Addressing Modes............0-0csececcececececeucees Satdons 168 
O2:- INSIUCHON SOlsa7 sce teorsues hense ete eee teeta eeteetae eas 170 
3.3 Instruction Execution Cycles............. 0.0 c eee e ence ene e ees . 175° 
3.4 System Flowchart .............00 cece eee ee eee eee a er : 181 
4. PIN ARRANGEMENT AND PACKAGE INFORMATION.................. 183 
5. ELECTRICAL CHARACTERISTICS ....... 0.0... cc ccc ee ee eee 186 
6. APPLICATIONS............ ST ee ee ee errr ee ree 191, 
6.1. Use of External Expanded Mode pie Re cigtaniee tect bie Pita eo ee 191 
6.2 Standby Mode............-ceceeceeceeees pedi t oe ee “495 
6.3 Address Trap, OP-Code Trap Application................. eee ye 198 
6.4 Slow Memory Interface .................00. Rea hohe se sieeee .. 199 
6.5 Interface to HN61256.............. 0.000 e eee Se ee .... 200 
6.6 __ Interface to the Realtime Clock (HD146818)......................2.. 205 
6.7 Reference Data of Battery Service Life ............ 0.0... sees 208 
7. PRECAUTIONS.................. bec peathdtid sqacuendersteeasses” 200: 
7.1. Write-Only Register . Ried Mie tdnacuse oe Reser reer nee eecmey aie) ee 209 
7.2 Address Strobe (AS) ....... eealc oe ere etree wees. 209 
7.3. Moded........... rete mene Ak ener ere oe ect. 1209 
7.4 Trap Interrupt.......... circ neat Aaa edad he eae rate athe 209 
7.5 Power-on Reset............ aijcerweens wath ip tahtaatee bokeh aul toe ees ees sae 217 
7.6 Precaution to the Board Design of Oscillation Circuit De ee ae ee U211% 


7.7 Application Note for High Speed System Design Using the HD6301V1.. 212 


~ APPENDIX 


[. EPROM on Package HD63P01M1..... Ne i aaah aid as au teae lalate spoglie 218 
ll. Program Development Procedure and Support System heavens a age . 226 
I, Q&A... eae: oe ere cae Curtin tend oaakeqemas 1238 
Section 4 7* , ud 
HD63701V User’s Manual | — | Page 
1. OVERVIEW ...... heats Sees tereinen seats apace tag. OOM 
1.1. Features of HD63701V0 ................ eee er wena 254 
1.2 Block Diagram............. Meh Bato Wee ian ashe ee eee: .. 251 


1.3 Functional Pin Description .......... 00-00 cre aces ee eee eee ues 252 


@ HITACHI 


vi. 


2. INTERNAL ARCIIVECTURE 1...2655 2.0 ttuwin’ Cobham eee Rieck aes 253 


2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 
2.12 
2.13 


Mode Sel6CtOn sv iantewe deeb ease Ra aaeid eee ea keene eee 253 
WEMOlYy MAD is. efi 65 pe sck Ma eee ek Gee oe eae eee eee 258 
CPULACOISIOIS. 2b dened ae ee eae bag ae ee eae es 263 
FO Eis Sec iether ested gu a et gra tae to 2h a ec ea aa a eRe 265 
STL OK ares sack asta oben ss are acsce akin hoes Basson dna Are oe ea ect 269 
Serial Communication Interface .......... 0.0... cee eee es 273 
MNLOPFUDIS +3. 34 eceart ck eee ee ace ee oe ete fe Saal Bad 281 
PO Set est ee ata aides OA Raa k ane Gad aa ae ae te a a ae 283 
OS CIN AION i ctcs corre ep wii Gc to ceed tea ne bear 8 aed Spd akc Ber ad God Bee ed 285 
DUODE SiGnalS ccc 24% Sess aa bee he ele ee ees Ce Oe 286 
RAM Control Register .......... 0... ccc eee eee teen eee 287 
Low Power Consumption Mode............... 2.00 c cece cence eee eee 287 
WA: UN CUOI 455.44 Gre dia, ea SS ature ee Rh ea tase Gat ba ah ea ae ae a a 292 


3. EPROM (PROM) PROGRAMMING AND TECHNICAL SPECIFICATIONS... 293 


3.1 PROM MIOOUG! \s secre desiree tot dere ha chasse Meta oncl aie Bhs Ss eek ea 293 
3.2 Programming/Verification ........ 0.0.0... ccc ee ee eens 294 
O° ‘BlASWIC tend as pian e ieee Rea an ee ES ae ye wee eae eS G 295 
3.4 On-Chip PROM Characteristics and Application ............... oe 296 
3.5 Instruction Set Overview............. 000 eee eee ae eee ee oar i 300 
3.0 -AGdreSsinG MOdeSs< 5.2 3.:toviteeds 22S ho oot ee he ee ae dee 300 
SF ~INSMWUCHON SCL 25-4. ten tae hed bos OSE eo eet wdoe eased oes 302 
3.8 Instruction Execution CycleS......... 0... ccc eee eee eee 307 
39° “SYSIEM FIOWCN ANE v.29 2. ice ho enh AEA e eee EE Wawa a hanes 313 
3.10 Pin Arrangement and Package Information ..................5-0085 315 
S11 Electrical‘ GnaracteristicS ss «25.5.0 ss pate ew dated esd ee & oe ee 316 
q., APPLICATIONS outade ta.4a ener dbewodeesk hades Crdewa beets ete wie 322 
4.1 Use of External Expanded Mode ........... 2... c cece ee eee ees 322 
42° ‘Standby ModGiins.: st i.c ater eon ne apa tre eta eeeaeedee eee es 327 
4.3 Address Trap, OP-Code Trap Application.................00 ee ee eee 330 
4.4 Slow Memory Interface ......... 0... 00 cc eee cnet 331 
4.5 Interface to HN61256.. 1.0.2... eee ee eee ees 332 
4.6 Interface to the Realtime Clock (HD146818)........................ 337 
4.7 Reference Data of Battery Service Life .......... eee 340 
5.. "PRECAUTIONS 46.6i404iecunceeeas howe ees Geode tak atid as dar 341 
5.1  WrHterOnly AGGISICn i2v200 eit ol ceetane vax eeu ean ehee cee’ oes 341 
9.2 <AddrCSS SUODE(AS) cc te ac piae at age ot ne ee 8 ae Ra eee 341 
OO: (WOdG On. tutes era dee eee eG amie a aaien ae eS 341 
S4° “Wapinlenuplix$c14.ec ode abe ae eese se hones Sac cee ee 341 
© HITACHI 


Vii 


5.5 Precaution to the Board Design of Oscillation Circuit ................ 
5.6 Application Note for High Speed System Design Using the HD63701V0 . 
5.7 Differences between HD6301V and HD63701V.......... Heart ie lind 
APPENDIX 
I. DUDDOM: 1O0lS sie ay cre oe ee ae oe oe a a Re ee a ees 
ll. OG Ag a idea ache lca nahh aan Ge eee OM ae Ee Br ere ere es 
Section 5 
HD6301 X0/HD6303X/HD63701X0 User’s Manual 
1 OVERVIEW onic nent Aoabences Vanda eadar Laateer ee eaneatae! 
1.1. Features............. Sateen ot tees ad ica sate eee slik ree teaeonet 
2. Block Diagrams): xi. ehaatiw wa etn Sky a Gata ar sian Caesars oa te eee 
1.3 Pin Description ............... sth citi at tad Gta leek ps esis aed epee hee 
2. INTERNAL ARCHITECTURE AND OPERATION............-0+-eeeeee- 
2.1. --Operation Modes ini e ks ork e date Sak & TSG Ee ees sae eee 
Zia, MEMORY Map i. 3 280.0 Sass 8 a 8a kd ca etek ee one ee ee 
2.3. Function Pin Description.......... 0.00. cece eee eee eee eens 
DAL . Pots atengedueee ny eral rai naer anes Lig deneegen ts Geen 
2.5 RAM/Port 5 Control Register................. tee Scar ioe 4 eo up aceee 
3. CPU FUNCTION -:..2.:5.5606c.0he06- Peete eer err ae 
3.1  CPURegisters................00 cece ee, mate coe ede ne ie 
3.2 Addressing Modes. Pere aor Gt tye Mark Gdn aed i kes RGA oxateele mea 
30° “INSIUCHON Sl iti coes dt eeee cain ose baa eas ioc eaten 
3.4 CPU Instruction Flow...........0.0ccc cece e cence cece teen vena eas 
3.5 Low Power Dissipation Modes .............. ccc eee eee eee 
30° ‘Wap :FUuNnCHONs «20435 Seles we a ee ke ees Ge owe 
Od ~ WFAGSOL 2 ote Aa easel oe ech Sah cease cca Seah caceeae gh beacon ates 
3.6 IIGMUDIS 22-43. eco toes Beebe ee a lab eo a ware eee a Sohne eens 
AS UAE AU Mr aee tie eG Beast e a aetala ate Dane hdnes alee the Meee a eeu tee ae 
4.1. Free-Running Counter (FRC) ........ er ee eee ee eee . 
4.2 Output Compare Registers (OCR) ...............0 00. ee ee eee ae 
4.3 Input Compare Register (ICR)............. 0000 eee eee eee ene Laes 
4.4 Timer Control/Status Register 1(TCSR1)............ sanguane Sale oaks ie 
4.5 Timer Control/Status Register 2 (TCSR2)........... 00.2: cee eee 
4.6: . Timer Status Flags 2.2... ieee eee ee cence et ee tnaee ee 
4.7. Precautions on Cleaning the OCF .............. 0.0 cece eee cheat 


viii 


© HITACHI 


343 
347 


353 
355 


Page 


375 
375 
377 
380 


383 
383 
386 
388 
393 
397 


399 
399 
400 
402 
408 
410 
413 
414 
415 


Dy NER oie as. a5 eee Be hs Bae eee eae ee ema ee ee ae eee 425 


5.1 Timer 2 Upcounter (T2CNT) ........... ec ee eee 425 
5.2 Timer Constant Register (TCONR)............. 0... 0c 426 
5.3 Timer Control/Status Register 3 (TCSR3)............. 00. cee ee 426 
54:- “Tinier Status: Flags «445% oisew ete rene ce etbawetkeseweteorasies 428 
6. SERIAL COMMUNICATIONS INTERFACE................0000 ee eeeues 429 
Gt “WNMMIANZAUNON anes cleanse tbs eee haw eet eed eats bee 429 
6.2 Asynchronous Mode ................ 0.0 430 
6.3 Clock Synchronous Mode..............0 ccc ccc cee eee teens 431 
6.4 Transmit/Receive Control Status Register (TRCSR).................. 433 
6.5 Transmit Rate/Mode Control Register (RMCR)...................88- 434 
6.6: +SCReceiving Margin. ceno 22225 2242 seeesakee tiloweineeeeeeoaws 438 
6.7 Timer, SCI Status Flags. ...... 0... 0... eee eens 438 
6.8 Precaution for Clock-Synchronous Serial Communication Interface. .... 439 
7. HD63701X0 PROGRAMMABLE ROM (EPROM)..............--.20e00: 441 
7.1. Programming and Verification. ........ 0... 0.0 cc eee es 443 
7.2 Erasing (Window Package)............. 0c eee eee eee 444 
7.3 Characteristics and Applications............. 0.00.00: eee eee eee 444 
8: APPEICAVIONS 22 o350555.5 te ciuweree ieee ewes erated 447 
8.1 HD6301X0 or HD63701X0 in Expanded Mode...................... 447 
8.2 HD6301X0 or HD63701X0 in Single-Chip Mode .................... 448 
8.3 Timer Applications: 13.4 i.0468 65.484 o4 oboe s Behe Se Ase been Se 448 
SA. “SCIADPICATIONS 364-3 en oie A eS ee PAGS LAS 452 
8.5 Lowering Operating Current .............. 0. ccc cece eee 454 
8.6 Memory Ready Application........... 0.0... ccc eee eee 457 
8.7 Halt POPUCAUON 4: $-2 50s a. co Eee Ane Ane ak Sate eos eee aes 458 
8.8 RD,WRApplication......... 0.0.00. ccc cece eee eee nes 459 
8.9 LCD-II Interface Application ... 0.0.0.0... cece ce eee eens 460 
8.10 Oscillation Board Design. .......... 1. cee eee ees 461 
APPENDIX |. ELECTRICAL CHARACTERISTICS ......................25. 463 
APPENDIX Il. INSTRUCTION EXECUTION CYCLES ...................... - 485 
APPENDIX Ill. QUESTIONS AND ANSWERS ............... 00020 e ee eens 491 
HLA: * | (PArAiClL. PONS wind ace eaters aay ecw cb acaids o wierd austen wae ee ee anaes 491 
ii2: -Oeral PONS 4 asaG cae cabin tio Sa eee ee eee eae as 492 
HLS: “FIMO COURIC! x evGers? oo oo cee soe Bee do eee ee eee eds 495 
@ HITACHI 


© HITACHI 


Hl.4. Bus Interface................000 eee ee ee re ee ee wee 497 
II.5 Interrupt Control............ ae bake eee Pets 500 
I!.6 Oscillation Circuit ................... Dieta see res Pee 502 
BT, HPSS OE eteccaihia ee aottenen ach seme a ete Scene a ee ees Gok ieee wa os eee ae 502 
IlIl.8 Low Power Dissipation Mode ..............--00220e ees eager setae 505 
NED? SOR WAL Cis cxiai tt a isk nat dyn Ne Sie easiness Mecnalcihy ew Bie aS es aes 507 
Hl.10 Others .................0.5. ee ee ee ee ee re ere eee 508 
APPENDIX IV. THE DIFFERENCES BETWEEN HD63701X0 and HD6301X0 ... 509 
APPENDIX V. PROGRAM DEVELOPMENT.PROCEDURE 
AND SUPPORT SYSTEM .............0.0000 eee htt ics .  §10 
Section 6 | 
HD6301 YO/HD6303Y/HD63701Y0 User’s Manual | Page 
1. OVERVIEW ...... peta dia Vabinet aye ecaeeek piss ee. B19 
let PCQUUICS wae Pea ae eee ale Soe ke eee Pins doe eee gk hates 519 
1.2 Block Diagrams Sieh 6 eae eee rl OO en ee ee et ee 520 
14 ™ PIN DESCH DION. es ss hah ee aA Bee aes Saws aos eee ees 523 
2. INTERNAL ARCHITECTURE AND OPERATION... oe ee ee See «626 
2.1 Operation Modes............cceccccecceeeceeeceees eee 526 
2.2 Memory Map.......... Stone S One eh ee ne Wee ere Tee ihe 527 
2.3. Function Pin Description.............. aeons hs hae aes aie. 528 
24. sPOMSss 20nd aed oxuh a een beos nit he Race eG eis ess a he) aceende, 531 
2.5 RAM/Port 5 Control Register........... 0.0.0 cc ee ee ee eee Pe et 543 
2.6 Port 6 Control/Status RGGISIGl 6 rg cee eee bees ee pone 6ebe 546 
3. CPUFUNCTION ............cccccceceeeceueeuees insite Raat ede 548 
Sl, “CPU. ROGISICNS 4c sci wad orth en ele eee ae ated Be eas esdet 548 
3.2 Addressing Modes.............0.0.0.005. eee ee See 549 
3.3. Instruction Set..............ceccceee. Baal ote tet Barton ye edt aied — ~651 
3.4 CPU Instruction Flow.......... (seer cet tue ed eee | ere 557 
3.5 Low Power Dissipation Modes ............ 000 cece een eee e teenies 559 
3.6 Trap Function.................. eye ae iat ee oy 562 
Of * MACSCL Sau aimee ase ea eee araeioe ay gsea eed e dese Ne cata wierd ae 563 
OO CIMCKIUDIS esis te 2 ie asus Sy are EG Bane ere tewtndeete State aka eeaatrae Sata ed 564 
TIMER ect in tontus it taint sa acide het: sehesmus eipiei 567 
4.1- Free-Running Counter (FRC):4 22-ssutews ate eee eenne hes oe ... 568 
42 Output Compare Registers (OGR): scteees 2b aed: Meseieecs Mas aes .. 568 


4.3. Input Compare Register (ICR)............. 0. ccc ee ee eee eee eee 569 
4.4 Timer Control/Status Register 1(TCSR1)............ 0.000 cece ees 569 
4.5 Timer Control/Status Register 2 (TCSR2)...................200+2-. 570 
4:6. -ViMer Status Flags .4.46c824 was ali iche Gene Ree besa Ae eanes 572 
4.7 Precautions on Cleaning the OCF ............. 0. cc ee cc eee 572 
see. LIVE 2 exerted we Sse es lente en a ee Se ee ate ean eects, 8 a 574 
5.1 Timer 2 Upcounter (T2CNT)...... 0.0... ce ee eee 574 
5.2 Timer Constant Register (TCONR)............ By ieee tig He Beret oe 575 
5.3. Timer Control/Status Register 3 (TCSR3).............. 0... cee eee 575 
5.4 “NMGr Status FlAGS: tcc ax crea esarne oho ie boa he ear aw ee SAA 576 
5.5 Precaution for Toggle Pulse Function of HD6301 YO/HD6303Y/ 
F6S701 VO  VIMCN 2 6.2 eed eee eel ed ee ce ee ek Se 577 
6. SERIAL COMMUNICATIONS INTERFACE............... 0.00 ce eee ees 578 
Gel. IAN ZAM OW th. 5 a: ain. opp ce th endo ere oar pn Pane da we. Oye 578 
6.2 Asynchronous Mode .............. 0... cc cee eee eee eee 579 
6.3 Clock Synchronous Mode.............. 00.0 c eee eee eee eee ees 580 
6.4  Transmit/Receive Control Status Register (TRCSR).................. 582 
6.5 Transmit Rate/Mode Control Register (RMCR)...................... 583 
6.6 SCI Receiving Margin........... 0... cc eee eee eees 586 
Of, °SCl Status: Flads:..a24 094 wsew vada ea dati ooo Res eee ewe as 587 
6.8 Precaution for Clock-Synchronous Serial Communication Interface. .... 588 
7. HD63701Y0 Programming ROM (EPROM)...............0000 cece ene 589 
7.1. Programming and Verification............. 0... cee eee ees .... 590 
7.2 Erasing (Window Package) .............c cece cece cece eeeeeeeee . =©591 
7.38 Characteristics and Applications. .............. 00. c cece ee ee eee eee 591 
Be GAR PLICATIONS sgt i ccnetina ta een yaa tee hin rea deatineda! 593 
8.1 HD6301Y0 in Expanded Mode ............. 0... ccc eee eee 593 
8.2 HD6301Y0 in Single-Chip Mode................ 0. cee eee eee 594 | 
8:5 ‘TIMGrADPICAlIONSs:6.428 4 sew ee et Se HG Rade a eo O08 594 
SA “SCI ADDICAONS si $f o0s-) wat ew he eened ewes nee eee Core ete thal 598 
8.5 Lowering Operating Current .......... 0... cc cece eee eens 600 
8.6 Memory Ready Application........... 0. cee eee 603 
Sf -Hall ADDIUCAION sc aicbawniniadiere eed eatee IN Sd ey eke eons 604 
8.8 RD, WRApplication.......... 000... c cece eee eee e ee eaee 605 
8.9 LCD-lIl Interface Application ............... 0.00 eee ae cek een aces 605 
8.10 Oscillation Circuit Board DeSign........... 0... ccc ee eee 606 
©) HITACHI 


Xi 


xii 


APPENDIX |. ELECTRICAL CHARACTERISTICS ............0ccecececeees 
APPENDIX II. INSTRUCTION EXECUTION CYCLES Pea ae Ba wept ~ pees 


APPENDIX III. QUESTIONS AND ANSWERS ....... Hehe needtanag let ae eee ae ae 
Wt) = Parallel Ports ......... 0.0... 0... cee ee eee SS systnsh Ge ahi asahm landed: acini ean a 
lih2' “Serial POMS ove sce sont dies Aes Se ek Ka hes ahd ae testate.a ate Gen ee 
II.3 Timer/Counter.............. var eet eer ee acer err 
I.4. Bus Interface................00 08. one sete hic sd tethacha aed taht 
11.5 Interrupt Control........... ae sds Vera seas eee ree 
1.6 Oscillation Circuit .......... Abie enh saab sae emeoe aes ~ 
II.7 Reset.......... Pee. eee ee eT eee shay i oe 
1.8 | Low Power Dissipation Mode ........-..--2.0.-00e0e: See ere 
I.9  Software......... seteditr ed aecb oes a aera as ae racers ees eae tana 
10. OUGIS..auc9 Wa ciark sud 3 oer ey eee ee See ee ea ae eee 


APPENDIX IV. THE DIFFERENCES BETWEEN HD63701 YO and HD6301Y0 slit 


APPENDIX V. PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT | 

SYSTEM......... ss deri ene ee oe eater tured a ee ear eet eck Sy re eae er 
V1. Overview ...........00- ee ko ee ee er 
V.2 Single Chip Microcomputer ROM Ordering Procedure...... eee eae 


Section 7 Software Application Notes 
1. HOW TO USE APPLICATION NOTES ..... Pet ie oacasegte eee. Lae ee ae 
1.1 Formats .... td Sh Arehisan a panes agi ey as ee ee ota Eid tes 
1.1.1. Specification Format (Format Msce ethics eevee a Hele ic Clee Peete oe 
1.1.2 Description Format (Format 2) .......... See ere ee ar Vea 
1.1.3 Flowchart Format (Format 3).......... 0... c ee eee eee ete hod 
1.1.4 Program Listing Format (Format 4)........... Pee hs Ucn esate oak 
1.2 Howto Execute Programs............0c0eeeeee eee rr aed 
1.3 SSYMbOS Sco ciomishudassecaes ee: ee en rn doe ees 


PROGRAM APPLICATION EXAMPLES 
Program Application Table................... Pee See he ease aa 


MOVING DATA | 
1. Filling Constant Values (Fill) ........ Rasta ieatea cncdaros amet eats 
2. Moving Memory Blocks (Move)............ aes ete een 


© HITACHI 


3. Moving Strings (Moves)......... 0... cc ce eee teen etna 703 


BRANCHING FROM TABLE 
4. Branching From Table (CCASE) ............ 0... ccc eens 708 


HANDLING ASCII 


5. Converting ASCII Lowercase Into Uppercase (TPR) ...............0000- 714 
6. Converting ASCII Into 1-Byte Hexadecimal (Nibble)..................... 719 
7. Converting 8-Bit Binary Data Into ASCII (COBYTE)............... ee ee 724 


BIT MANIPULATION 


8. Counting Number of Logical “1” Bits In 8-Bit Data (HCNT)............... 729 
9; Shitting 32-Bit Data (SHR): 2.0i0ae thet ores tae et blonde hinged 733 
COUNTER 

10.. 4-Digit BCD Counter (DECNT) «si .c2ecac acces ivviiewed eens ten we tas 738 
COMPARISON 

11. Comparing 32-Bit Binary Data(CMP).................00- atic bls Saks 743 
ARITHMETIC OPERATION 

12. Adding 32-Bit Binary Data (ADD) ........... 0.0... . 0. ee ee 749 
13. Subtracting 32-Bit Binary Data(SUB)............... 0.0.2.0... 20200058. 755 
14. Multiplying 16-Bit Binary Data (MUL) ........ 0... cece eee 761 
15. Dividing 16-Bit Binary Data (DIV)...... 20.0.0... 00. ccc cee ees 768 
16: Adding 8-Digit BCD (AD DD) xe gicasied mutants rege oe deetaneond ath gia ee wd-n eS RS 774 
17. Subtracting 8-Digit BCD (SUBD)............ 0.0... ee 780 
18. 16-Bit Square Root (SQRT)...... 0... cc eee eee eens 786 


CONVERTING BCD INTO HEXADECIMALS 


19. Converting 2-Byte Hexadecimals Into 5-Digit BCD (HEX) ............... 791 
20. Converting 5-Digit BCD Into 2-Byte Hexadecimals (BCD) ............... 796 
SORTING | 

2 ls* BOING SOR Mi airs duitn eo ee ee eek oneal ae yo nae eae ¢ 803 
Section 8 Hardware Application Notes Page 
APPLICATION NOTES GUIDE......................04. aeees ite tema 815 
le OYMNDONS: ec ctcun edt ear adapta amine te oie cali te oes a ages A atta dearea nea. 815 
2. Application Example Configuration............ 00.00 cee eee 817 





@ HITACHI 


xiii 


3: 1st-Section (Hardware) ic tudincadcenidaacsdceseciedeseadees fee aw 819 


4. 2nd Section (SoNware) 4.65 shchve deeb wh es eee oe ee dee See bees 823 
5. 3rd Section (Program Module) ........... 0.0 cece eee eens 825 

Sf. <OPpSCHICAllOn «su e041 nt bie Rea Oacet eae tare aes ee ere 826 

Sic- WOSCIDNON ic cc aasae miei ctaeeeeeoiese Raeeesenee ieee esas 832 

Oo ‘VPIOWCRAI iis 244.400 d boo dai dueend atone ac Sees a eer are ere aces 836 
6. 4th Section (Subroutine) «225.426 .eve tawe eed ee beeen eee ees 837 
7. 5th Section (Program Listing) .............. Reed Bota GS ose seas +... 840 
8. Program Module Execution........... 0... ee eee eee 845 
SYSTEM APPLICATION EXAMPLES ............. ee eee ee eee rey ee 848 
System Application Examples ............ 0.0 ccc ee eee eee eee 848 
VO PORT APPLICATIONS............0cceceeeeeeees See eae 849 
1. HD61830 (LM200) Graphic Mode ............... 0c ce eee es 849 
2. Darlington Transistor Drive (LED Dynamic Display) ..................04. 883 
TIMER - APPLICATIONS eckson os ergata te a bane ea esta oes 896 
3. Duty Control of Pulse Output and DA Conversion ..... ee ree 896 
4. Pulse Width Measurement ........... 2.0... cc eee ce eee eee eee 912 
So. HNputPulS@<GOunt 2 ect. vte ete sae tee eae ew es eae ee 922 
6. 0x4 Key Maik ¢.c200 224 steele eee Pe Sek eee ee ees Mantas 932 
INTERRUPT APPLICATION... ...........2000cceeeeeeeeeee oe 1... 947 
7. A/D Converter (HA16613A) Control... 0.0.0... 0... cee eee 947 
PARALLEL HANDSHAKE APPLICATIONS...:.......... dada aalece atta .. 956 
8. Standard Keyboard Interface. ........ 0... 0. ccc eee ees 956 
9. “GENOMICS MOM ACE. oats Pend taid mn ahanwae dda peta se od Geeta eae 970 
SC) APPLICATIONS 544i oe eA meade nae banked oe eamawes 982 
10. Data Transfer With Asynchronous SCI ............. 0c cece eee ees 982 
11. Liquid Crystal Drived (HD61100A) Control............ 0.0.0.0 ce eee eee 998 
EXTERNAL EXPANSION APPLICATIONS .................0 0000000 eee 1010 
12... extemal EXPANSION :4.3.c ice 7s. ccna tand eeAce wey ee aad CU aes cee 1010 
13. Slow Device Interface ...... 0... .. eee 1043 
LOW POWER DISSIPATION/FAIL-SAFE APPLICATIONS ................55. 1057 
14. Low Power Dissipation Mode.............. 0.0 cece eee eee eee e eee 1057 
15. HA1835P Control and Error Detection ............ 0.0.0. cece ees 1074 

© HITACHI 


Xiv 


Section 9 


C Language Programming Techniques Page 
1. HOW TO USE APPLICATION NOTES .......... 0.00.00. cece eee ees 1105 
121: “Hardware Secon asc 6-sy ob ioe es ewe he eS S ice De hee Re Bee aS 1107 
Jekels SPUNCUON saee oes oi hee Bowed s itee se tad a. Geta cis Pee eee 1107 
1.1.2 Microcontroller Applications ........ 0.0.0.0... ce eee 1107 
deleo CHCUN- DIAQhaIN so (26-3 cate oe ae Rin. ee ee ee mae eae eae ees 1108 
Tsdee MGMOM WMap.< aceve ete sees Beh iae au ses aes ea eee eeine dee 1109 
Ile PIV GUNCIONS: cs.0k 2 262.50 cate we se Ae eek eee ad 2 oe Pele ee aes 1110 
12126: HardWate Operon: o.iveudisaed aide chad deda ieee ede dud ocak 1111 
TZ. “SOMWAlrS SCCUON « onsite 2 cue Pek teeeutw ise ies eee ee leek 1112 
1.2.1 Program Module Configuration. ........ 0... 0... ee eee 1112 
1.2.2 Program Module Functions......... 0... 000s 1113 
1.2.3 Program Module Sample Application (Main Program)................ 1114 
1.3. Program Module Section.......... 0... ccc ee eee ees 1116 
1.0.1 -PAQge MeaGING «ic ianwt bet GeeGeree setae woes bet ah thé dawsoers tes 1117 
WS SING UON Ys ace ak se sha oa Ohta, axes es sees Bed a An cle ed al Se ular ee a oe 1117 
Tou. LALOUMOCINS c.6 .2. 42h 22 eh Ss eh eae Se ee eS Steen ee 1117 
1.3.4 Libraries Required for Program Execution................ Sis ib beasd deat 1118 
133.0: SDECIICAIIONS 2 32 bios eho ae Sed ee eee seen eee ee 1119 
1.3.6 Description............... ie Aehah eb anes eaten Gs Be Salt aE es dhe b 1120 
debut IPAD sc pba Ges nee bewi atte ee eee oe ee ae eas eae eee 1123 
1.4- -SUDFOUUING SECON i: 2243465 ubau din dace eet bet bed Seed etek he 1124 
TAA. "TAGS: FICAGIING:. -.abits wags bite lhe BS i eae ale nose eae eee sh ae aaa 1125 
142, > JUN CUO Mics isetiaien. Glas: aged ae oe ee ak Babe ae dew aed Olas be See Bee eee 1125 
1.4.3 Basic Operation............ 0.000 2, Spd dices Gh oharahaaseaicnd ones 1125 
1.4.4 Program Modules That Use This Function. .... sc tsgP han Savane aes 1126 
14S. .IPAD: et b2 on oe Cee se ie ee i DR ea ee ee os 1126 
19> IPFOGrAM:-LISUNG: SOClION: 44.545. a kcarnnw ook Gae aha Reed hae eee 1127 
1.5.1 Page Heading ............... ee ee ee eee a ee eee oe wee eas ee 1127 
1:52: UNCON st ace eee ae ote alone tat aglaw ad arose arn hea 1128 
1.5.3 Output Object Listing of C Compliler .......... 0... 0... cee eee 1131 
Loe! LINKAGES LISING: cherie ee iw oh oes hehe ee beh Meee Ses 1132 
1.6 Program Module Use....... bday Aide up eal eR eee Rake eevee at 1135 





&) HITACHI 


Xvi 


1.7 Pad Symbols Description. ............ 0c eee eect eee 1137 


MEDS “VITO S ao cose Seca a ker cosa Sh Pek rae ok oe sneered a tana ety cma ane e eo ace 1138 
2. DARLINGTON TRANSISTOR DRIVE (LED DYNAMIC DISPLAY)......... 1139 
2.1 Hardware Description ......... 0... ccc ee tenet nena 1139 
2.11 “FUNCTION i642 s-wavra ee eae es Bre tate sh ehoas a Reba! Ge atah a Ta Greens elon ly aeee ke me Aes 1139 
2.1.2 Microcontroller Applications ....... 0... . 0... cee cee eee eee 1139 
2.1:3: :-CiICuit DIAGraM a4.0%3-2o si gewk gee dees ooh on eas Ate sees elaine 1139 
2.14 > “Pin RUNCUONS 2. oo aoe bial eee te hae See ati ee ete wees 1140 
2.1.5 Hardware Operation ......:.. 0... cc cece eee ete ee ne ence ences 1141 
2.2 Software Description.......... rot Lmpeeglns aa ee A ee re eee 1142 
2.2.1 Program Module Configuration................... Se ee ee 1142 
2.2.2 Program Module Functions............. 0.0.00 eee e eee eee eee cee 1142 
2.2.3 Program Module Sample Application (Main Program)................ 1143 
2.3 Program Module Description. ss eis deggie D pie loud Skane Bp ble eb ee ee Sie Se eb 1144 
ZA ‘PlOOram EISUNG anid taeesanaiwsy ehbeete tot scar eve ees dere mees 1152 
2.4.1 Main Program Listing .................0.. eee eee, ee eee 1152 
2.4.2 C Source Listing ..... oes beaten eon Ee ee eee dened 1153 
2.4.3. Output Object Listing of C Complier..................... ere .. 1154 
24. LINKAGe LISUNG. ce xkG ese iiiutien ee bas ee ae ae ea aE NS .. 1157 
3. 8x4 KEY MATRIX...........0..00008. ee en er eee oe 1159 
3.1. Hardware Description ...............-. rere Tee sripeanhen . 1159 
3.4.1 Function... 00... ccc ccc ccccccccuccuceuceuceuceeucdueeueeeeens 1159. 
3.1.2 Microcontroller Applications ......... 0.0... cc cee eee ee ene 1159 
3.1.3 CIrcUit DiaGrai cis. a sii ea arnt tein htae eee vaks verGanancas see. 1160 
Se: SPUMEUNCUONS o56.%, stead Aca ence al Sein ae oem be MES ea eee ek en 1161 
3.1.5 Hardware Operation ................ he lu tara ae aye ested ah wate Ait 1161 
32. SOMWale DESCIINUON 2 vagacs Ree ehe ee ote Co hae ces aha ewes 1162 
3.2.1 Program Module Configuration. ........... 0.000 cece cece eee eee 1162 
3.2.2 Program Module FunctionsS............. 0.0.0 cece eee eee ees 1162 
3.2.3 Program Module Sample Application (Main Program)................ 1163 
3.3 Program Module Description........... 0.0.00 cece ee eens 1165 
34°: -PYOGIan) EISUNG. = f6.5 sum deren a hte lo aca apne tne Caceecute bon PO wea ele eee ae ee 1177 
3.4.1 Main Program Listing ............... 2.0. eee aa Pathjara ate alae Secs 1177 
@ HITACHI 


3.4.1. Main Program Listing ee ee eee ere et eee es eee 1177 


3.4.2 °C Source: LISUNG 3.65.4 voing ba eed th he eos ea eho eh ees 1178 
3.4.3 Output Object Listing of CCompiler......................000 00s 1180 
SA ILINKAGS KISHNOS «5c %<0'scl Gaaid iad ae ood Araceae heb. be Ned heaven eines 1185 
4." (EXTERNAL EXPANSION « 4.5-434-s444 8se0ec648ei Sei e408 cdua hae oea 1187 
4.1 Hardware Description .........0 0... 0. ccc cee eee eee ee eens 1187 
AAs AU CUOM 5 2 sean seen h ice or ghd at a weeds Be eretavde ats ace Ste tds bop ee wet 1187 
4.1.2 Microcontroller Applications ........ 0.0... ccc eee eee 1187 
41.3 (CCU DiagraNs4:Ned kei eed net eee eea e's wise ola ones 1187 
AVA. IMCMOFY MAR a: c xe 2 herds ak de wk So hy BAS nee eee ek 1188 
4.1.5 Hardware Operation ....... 0.0... eee eee teen ees 1189 
4.2 Software Description .......... 0... cece ee ee eee tee eee eens 1190 
4.2.1 Program Module Configuration........... 0... cece eee eee 1190 
4.2.2 Program Module Functions........... 0.0... ccc eee eee eee 1190 
4.2.3. Program Module Sample Application (Main Program)................ 1192 
4.3 Program Module Description. ......... 0.0.0... cc cee eee 1194 
AA: (PTOGFAM LASUNG 2.6 cose ae ot Sates oo Gye ood ede ua ay hess, Roe Pada Usd ave nde Oa 1220 
4.4.1 Main Program Listing ..... Se chetemicnesaeh ayaa et ais Bde ee to eee ts 1220 
AA SC SOURCE LISUAG 6.256%% kvine Se eat Gd See awate ede hee es 1222 
4.4.3 Output Object Listing of C Compiler............... 0... cece eee eee 1226 
AA A.- Linkage LISUNG:scac8 ont eye er hte ae de he Onn ews 4 bude ds eee 1232 
APPENDIX A. 
C Program and Assembly Program Comparison ...............0000000: eee 1235 


Section 10—Appendix 
HD6301V1/HD6303R Q & A—HD6301 X0/HD6303X Oscillation Circuit 


Wide Temperature Range Specifications, -40°C to + 85°C, (J Version) Page 
le: FADGSZO1VIJHDGS03R O BA xn ei ied ae Pee a aes ol gaeee ew eS ee 1239 
(a) Parallel Port 
(1) Process to Use a Port as an Output................000008- siti Beas 1241 
(b) Serial Port 
(1) Relation between Writing into the FRC and SCI Operation............ 1242 
(2) Writing into the FRC during Serial Receive/Transmit................. 1243 
(3) RDRF State When SCI Receiving............ 0... ccc ee eee 1244 
(4): Serial VO Operations 6 cick cea t aie ids o hae san ot alee Sob eas 1245 
(5) Serial 1/O Register Read....... eutaeaeca Maton phone eat hae ea eared 1246 
(6) Detection of the HD6301V1 Serial Start Bit..... isa de eatin eee eee 1247 
© HITACHI 


XVil 


(c) Timer/Counter 7 
(1) Free Running Counter Read............ 0... cee ees 1249 


(2) Preset Method of the Free Running Counter ................ erent 1250 
(d) BUS Interface | 
(1) Output of Address Strobe (AS) in the Multiplexed Mode.............. 1252 
(e Interrupt | 
“1): THROU ACCEDIANCE<5.:.4.s cau cw docad on Gt R654 oe eae eae eae 1253 
(2) Timer Interrupt and External Interrupt ...................00 ee aee 1254 
(3) !RQ1 Interrupt and Other Interrupts ............. 0.0... cc cee eee 1255 
(4) CLI Instruction and Interrupt Operation ..................00000 00s 1257 


(f) Oscillator 
(1) Relation between the External Clock (EXTAL Clock) and Enable Clock 


(E Clock) ........... Ae ha Saige me tea Vee Ae Wah then cod saerpepesaace cee ae 1258 
(g) Reset ™ 
(1) Constants of the Reset Circuit ..... bet sce eter te re ates aed ee ae 1259 
(2) Schmitt Trigger Circuitof RES ......... 0.0... ce eee 1260 
(3) WO Port State on Resetting........... 0.00 ccc eee 1261 
(4) SCI (Pin 39) State on Resetting ......... 0... eens 1262 
(5) Port Output after Resetting............... ee ee ee ee eee 1263 
(h) Low Power Consumption 
(1) Schmitt Trigger Circuit of STBY ......... 0.0... cee ees 1264 
(2) I/O Port State During Standby.......... 0... 0... ccc eee eee 1265 
(3) Return from Standby Mode.............. 0.00 cee ees 1266 
.(4) Going into the Standby Mode ............... 0. cc cee 1267 
(5) Timing for the Standby Mode ............. 0... ccc eee eee eee . 1268 
(i) EPROM-on-Package : 
(1) Usage of EPROM Socket Pins for the HD63P01M (No. 1)............. 1269 
(2) Usage of EPROM Socket Pins for the HD63P01M (No. 2)............. 1270 
(3) Usage of EPROM Socket Pins for the HD63P01M (No. 3)............. 1271 
(j) Software 
(1) Usage of Bit Manipulation Instructions............ 0.0... c cece eee 1272 
(2) Usage of Bit Manipulation Instructions to the Port................... 1274 
(k) Others — | | 
(1) RAM Access Disable during Program Execution.................0.5. 1275 
2. HD6301X0/HD6303X OSCILLATOR CIRCUIT ...............00.000 ee eee 1276 
3. Wide Temperature Range Specifications -40°C to + 85°C (J Version)....... 1283 
HD6301V1, HD63A01V1, HD63B01V1.......... 0.0... ce eee 1284 
HD6301X0, HD63A01X0, HD63B01X0............. 0. eee 1289 
HD6301Y0, HD63A01 Y0, HD63B01Y0, HD63CO1Y0O ....................00.. 1294 
HD6303R, HD63A03R, HD63B03R............ 2... 0c ee eens 1300 
HD6303X, HD63A03X, HD63B03X ....... 2... cece cece ees 2. 1305 


HD6303Y, HD63A03Y, HD63BO03Y, HD63CO3Y............... i Sart area tle 1310 





HITACHI SALES OFFICES — PAGE 1318 


© HITACHI 


xviii 


HD6301/HD6303 SERIES HANDBOOK 


Section One 


Reference Guide 
and 


Reference 





@ HITACHI 





QUICK REFERENCE GUIDE 


8-BIT SINGLE-CHIP MICROCOMPUTER 





» CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES 


HD6301V 1 HD6301X0 
Type No. HD63A01V 1 HD63A01 XO 
HD63B01V1 HD63B01X0 















1.0 (HD6301V1) 
1.5 (HD63A01V 1) 
2.0 (HD63B01V 1) 


1.0 (HD6301X0) 
1.5 (HD63A01X0) 
2.0 (HD63B01X0) 








Bus Timing (MHz) 





LSI 


Characteristics Supply Voitage (V) 


Operating Temperature (°C) 


Memory ROM (k byte) 
RAM (byte) 


1/0 Port 
1/0 Port 
- Soft 





o~ +70"? ,*4 
DP-40, FP-54, CG-40, CP-44, CP-52 


DP-64S, FP-80, CP-68 


Es 
Output Port asia ceed 
Functions et ac A et 


Timer 


16-bit x 1 16-bit x 1 


Output compare register x 1 
Input capture register x1. 


Output compare register x2 
Input capture register x1 
8-bit x 1 






8-bit up counter x 1 


. [ows running counter x 1 [ow running counter x 1 


Time constant register x 1 


External Memory Expansion | 65k bytes 65k bytes 


eError detection eError detection 
eLow power dissipation eLow power dissipation 
Othenbcarure: modes (sleep and standby) modes (sleep and standby) 
eSlow memory interface 
eHalt 
: HD63701V0C HD63701X0C 
EPROM on Chip Type | H0637A01V0C HD637A01 X0C 


HD637B01V0C HD637B01X0C 





EPROM on the Package Type HD63P01M1 


*' Preliminary *? Under development °° Wide temperature range (-40 ~ +85°C) version is available. 
** Wide temperature range (-40 ~ +125°C) version is available. 
t OP; Plastic DIP, FP; Plastic Flat Package, CG; Glass-sealed Ceramic Leadless Chip Carrier, CP; Plastic Leaded Chip Carrier (J-bend leads) 
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HD6301Y0 HD6303Y 
HD63A01Y0 HD6303R HD6303% HD63A03Y 
HD63B01Y0 HD63A03R HD63A03X HD63B03Y 
HD63C01Y0 HD63B03R HD63B03X HD63CO3Y 

1.0 (HD6301 YO) 1.0 (HD6303R) 1.0 (HD6303X) 1.0 (HO6303Y 
1.5 (HD63A01 YO) 1.5 (HD63A03R) 1.5 (HD63A03X) ae HDE3A034) 
‘0 (HD63C01Y0 2.0 (HD63B03R) 2.0 (HD63B03X) 3.0 |HD63C03Y 


ee ee See eee SE | ee 5.0 


0 

DP-64S, FP-64, FP-64A, CP-68 DP-64S, FP-64, FP-64A, CP-68 
SR MOIS Sania iin SaSeicine Sapir : 

I -  <: SO 256 
48 ee a 24 

53 | - OB |= | 8 - 
geen _[- | - 
3 























Soar Ee Seas Mees Seat aaa See 

ae Reeret Seer (eine relrenred 2 

ecg a a ty ei Ee 4 

i Saris eter ies eee Seen: 
16-bit x 1 16-bit x 1 16-bit x 1 16-bit x 1 


Output compare register x 2 
Input capture register x 1 


Output compare register x 2 
Input capture register x 1 


Output compare register x 1 


Free running counter x1 
Input capture register x 1 


Output compare register x 2 


Free running counter x 1 
Input capture register x 1 


[ov running counter x1 | [os running counter x 1 


8-bit x 1 8-bit x 1 8-bit x 1 
ea up counter x 1 8-bit up counter x 1 (eat up counter x 1 
Time constant register x 1 Time constant register x 1 Time constant register x 1 





Asynchronous/Synchronous Asynchronous/Synchronous Asynchronous/Synchronous 
65k bytes 65k bytes | 65k bytes 65k bytes 


eError detection eError detection eError detection eError detection 

@ Low power dissipation eLow power dissipation eLow power dissipation eLow power dissipation 
modes (sleep and standby) modes (sleep and standby) modes (sleep and standby) modes (sleep and standby) 

eSlow memory interface eSlow memory interface eSlow memory interface 

eHalt oHalt eHalt 


HD63701YO0C 
HD637A01 YOC 
HD637B01Y0C 
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PACKAGE REFERENCE GUIDE 


Hitachi microcomputer devices include various types of 
package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package suitable for the customers’ use, please refer to the 
following for Hitachi microcomputer packages. 


1. Package Classification 


There are pin insertion types, surface mounting types and 


Pin Insertion Type 


Package Classification 


Surface Mounting Type 


Multi-function Type 


DIP; DUAL IN LINE PACKAGE 


Standard Outline. 


Shrink Outline 


Flat Package 


Chip Carrier 


PROM on the Package 


multi-function types, applicable to each kind of mounting 
method. Also, plastic and ceramic materials are offered ac- 
cording to use. 

Fig. 1 shows the package classification according to the 
mounting types on the Printed Circuit Board (PCB) and the 
materials, | 


Plastic DIP 
Ceramic DIP 


Shrink Type! Plastic DIP 
Shrink Type ‘Ceramic DIP 


FLAT-DIP SOP (Plastic) 


Sania FPP (Plastic) 
cc _ PLCC (Plastic) 


LCC 
(Glass Sealed Ceramic) 


ype 


S-DIP; SHRINK DUAL IN LINE PACKAGE 


PGA: PIN GRID ARRAY 


FLAT-DIP; FLAT DUAL IN LINE PACKAGE 
oe FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 


CC: CHIP CARRIER 


SOP;SMALL OUTLINE PACKAGE 
FPP; FLAT PLASTIC PACKAGE 


PLCC; PLASTIC LEADED CHIP CARRIER 


LCC ; LEADLESS CHIP CARRIER 


Fig. 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 
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PLASTIC DIP 


50 26 


(0.020min.) 
5.08max. 


(0.019 + 0.004) 


(1979) 


§44025 offO48t0T 1.27 
(0.10040.010) 1 (0.01940.004) ! 1 (09 050) 


57.6(2.268) 
58.6max.(2.307max.) 


WY i 
| | 1.778 40.25 
“(0.070 + 0.010) 


0.48 + 0.10 
(0.019 + 0.004) 


~~ 
x x 
EE 
ES 
or 
ww 
“=o 
— 


c 

E 
za 
wn 
NN 


(0.100min.) 


(0.200max.) 


Unit : mm(inch) 
Scale: 1/1 


O'~ 15° 





Unit : canniehi 
Scale: 1/1 


2. 54min'5 60max 
(0.100min) (0 220max) 


013 
0.257903 
(0.01029 963) 





Unit : mm(inch) 
Scale : 1/1 


(0.71 7max.) 


pi 
qo oi088 
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a 
CERAMIC SHRINK TYPE Unit : mm(inch) 
: Scale : 1/1 


e DC-64S 


18.8(0.740) 


19.05(0.750) 


(0.220max.) 


25788 


* (0.01028 994) 


| 
(0.070 + 0.010) (0.019 + 0.004) 


0.5tmin.(0.020min.) & 
2.54min.(0.100min.) | 
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FLAT PACKAGE Unit : mm(inch) 


Scale : 3/2 


25.6£0.4 
(1.0080.016) 2.9max. 
(0.114max.) 


14.0(0.55!) 
(0.7724+0.016) 


|1.0(0.039) | “i 
cout 0.35+0.1 . ETTSEOETA) 7 


(0.014+0.004) 0.15 £0.05 


(0.006 0.002) 
at 
1.7403 0°~10° 


(0.067+0.012) 


25.6 + 0.4(1.008 + 0.036) 
20.0(0.787) 
(0.11 4max.) 


-_ 
wo 
2 
Oo 
4H 
N 
~ 
x. 
o 
= 


oc FP-64A 17.240.3(0.677 +0.012) 
2.90(0.114) max 


0.1(0.004) 
(STAND OFF) 


17.2 +0.3(0.677 £0.01 2) 
14.0(0.551) 


0.15+0.05 
(0.006 +0.002) 
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25 6 £0.4( 1.008 0.016) 2.9max. 
: (0.1 1 4max.) 


64 (0.787) ai 


AACA AAA 


= 
°o 


IAAT i 


14(0.551) 
(0.77240.016) — 


a 


oo 


OTT ATTTTTT TT 2 
o3st01 | maa eles 


0.8(0.031) (0.014 +0.004) 9,150.05 


SEA IIT, 
4 Tn o°~ 15° 


1.7 +0.3(0.067 +00 12) 


° FP-80A 17240310677 £0.012) | | 
14.0(0.551) 2.90(0.114) max 


0.1(0.004) 
; (STAND OFF) 


17.2+0.3(0.677 £0.01 2) 
; 14.0(0.551) 


0.15 +0.05 
(0.006 +0.002) 


P= 0.8 
/0. 10(0.004)) (0.031) (0.031) 
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e FP-80B 24.8 + 0.4(0.976 +0.016) 
20.0(0.787) 


(0.114max.) 


| 
1.0(0.039 
roo.) osszo || a 


(0.014 0.004) css 9 19009 


SERRE 
JS TW 


240.2 
o0a0008) «= Lyesrarrsraoney 





Unit : mm(inch) 


PLASTIC LEADED CHIP CARRIER Scale : 3/2 


17.53£0.12(0.690 0.005) 
we 
16.58(0.653) © 
15.50 + 0.50(0.610 + 0.020) 


15.50 + 0.50(0.610 + 0.020) 


20.07 £0 12 
(0.790 + 0.005) 
! 


18.04+0.5 
(0.710 + 0.020) 


(0.790 + 0.00S) 


BAakae sees 


20.07 + 0.32 
| 0.42 +6.10 (0.017 + 0.004) 


WUT TU UU TT) 


Li 


4.4402 
(0.173 +0.008) 


18.044 0.5 
(0.710 + 0.020) 


2.55+0.15 


(0.100 + 0.006) 
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25.15 $ 0.12 
(0.990 * 0.005) 


| 68 


20.12 
24.20(0.953) 


25.15 


me) 
yz 
(on) 
© 
(=) 
+1 
~ 
°o 
(=) 
-_— 
oO 
ra) 

+I 
~N 
Bad 
Qo 


(0.910 + 0.020) 


» 23.12+0.5 


0.006) 


(0.100 + 


]Q} 0. 10(0.004) 


(SEATING PLANE) 


44+0.2 
(0.173 + 0.008) 


23.12 +0.5 
(0.910 + 0.020) 
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Unit : mm(inch) 1 


LEADLESS CHIP CARRIER Scale : 3/2 


12.19+0.3 
(0.480 + 0.012) 


12.19+03 
(0.480 + 0.912) 


0.75max. 
(0.030max.) 


ar 
« 
0 
E 
re) 
n 
2 
=) 
— 


ae 


(0.020) 
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HD6301/HD6303 SERIES HANDBOOK : 


Section Two 
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ADDRESSING MODES, CPU ARCHITECTURE, AND INSTRUCTION SET 


1. ASSEMBLY LANGUAGE 


1.1 Addressing Modes 


The assembler determines the addressing mode by referencing 


the operator and operand fields. There are seven different 


addressing modes available. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


Accumulator addressing 
Implied addressing 
Immediate addressing 
Direct addressing 
Extended addressing 
Indexed addressing 


Relative addressing 
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Before going into details about individual addressing modes, 
we explain the dual operand mode in which an instruction has 


two operands. 


For eight instructions AIM, OIM, EIM, TIM, BCLR, BSET, BTGL 
and BTST, the operand field requires two operands (the first 
and second operands). The first operand includes the immediate 


data (constant) for AIM, OIM and TIM; and the bit number for 
bit operation for BCLR, BSET, BITGL and BTST. The second 
operand specifies a memory address in either indexed or 
direct addressing mode. 


(1) Accumulator Addressing 
Thirteen instructions allow Accumulator A or B as an operand. 
They are: ASL, ASR, CLR, COM, DEC, INC, LSR, NEG, PSH, PUL, 
ROL, ROR and TST. In this case, an or Cat) between the 
operator and the operand may be omitted. Each accumulator 
addressing instructions is converted into a one-byte machine 


code by the assembler. 


Example: 


Instruction code Machine code (Hexadecimal) 


ASL A or ASLA 48 
ASR B or ASRB 57 





(2) Implied Addressing 


In the implied addressing mode, the instruction contained in 
the operator field permits the address for operation to be 
clear-cut. The operand is therefore unnecessary. 

This implied addressing includes 3l instructions: ABA, ABX, 
ASLD, CBA, CLC, CLI, CLV, DAA, DES, DEX, INS, INX, LSRL, 
MUL, NOP, PSHX, PULX, RTI, RTS, SBA, SEC, SEI, SEV, SWI, 
TAB, TAP, TBA, TPA, TSX, TXS and WAI. Each instruction 

is converted into a one-byte machine code by the assembler. 
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(3) 


Immediate Addressing 


There are 16 instructions that allow immediate addressing. 
They are: ADC, ADD, AND, BIT, CMP, CPX, EOR, LDA, LDS, 
LDX, ORA, SBC, SUB, LDD, ADDD and SUBD. 

The operand field starts with #, followed by numerical data 
in decimal, hexadecimal, octal or binary, symbols (labels) 


that will take specific values during assembling, expressions 


and ASCII constants. 


In any case, the assembler converts the immediate data 
(operand) into an unsigned 8-bit binary, or 16-bit binary 

for CPX, LDS, LDX, LDD, ADD and SUBD. The resulting immediate 
data range from 0 to 255, or O to 65535 for 16-bit operand 


instructions. 


Example: 


Machine code (Hexadecimal) 
Statement Label = 100 


A #25 


A #LABEL 
A #LABEL + 25 
A #'A 

#256 





In this case, the characters following "!" are converted into 
7-bit ASCII data. The #'conversion is not generally used with 
CPX, LDS and LDX instructions. If it is used, however, the 
converted ASCII, data is stored into byte 3. The assembler 
enables each immediate addressing instruction to be converted 
into 2 bytes in machine code (3 bytes in the case of CPX, 


LDS, LDX, LDD, ADDD and SUBD). 


Figure 1-1-1 shows how data flows in immediate addressing mode. 


©) HITACHI 
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(4) 


Program memory 
Instruc- 
tion 


Outline flowchart Example 





Fig. 1-1-1 Data Activity in Immediate Addressing Mode 


Direct Addressing and Extended Addressing 
In direct addressing mode, the assembler converts the instruc- 
tion into 2 bytes of machine code. The second byte, after 


conversion, includes an unsigned 8-bit binary address. 


In extended addressing mode, the assembler converts the 
instruction into 3 bytes of machine code. The second byte 
includes the upper 8 bits of the address; and the third byte 
includes the lower 8 bits. Both of them are unsigned 8-bit 


in binary notation. 


The assembler permits both direct addressing and extended 


addressing to be translated into absolute addresses. 


The assembler automatically selects direct addressing if the 
address is within 0 - 255; and extended addressing if the 
address is greater than 255. 
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Example: 






Machine code (Hexadecimal) 
Label address = 100 


96 64 = 
96 64 - 
B6 Ol 2C 


Figures 1-1-2 and 1-1-3 show how data flows in direct 
addressing and extended addressing modes, respectively. 









Statement 







LDA A 100 
LDA A LABEL 
LDA A LABEL + 200 





Address 


Program memory 


Instruc— 
tion 


Address 


Address=0 £255 
Outline flowchart Example 





Fig. 1-1-2 Data Activity in Direct Addressing Mode 
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Address Address = 300 


Program memory Program memory 


Instruc- 
tion 


PC =5006 


Address 


Address 2 256 : 
Outline flowchart Example 





Fig. 1-1-3 Data Activity in Extended Addressing Mode 


(5) Indexed Addressing 
In Indexed addressing mode, the assembler converts the operand 
into an unsigned 8-bit displacement "Disp". The displacement 
"Disp" is added to the contents of the Index Register to 


determine the effective address M. 
M = Disp + (X) 
As other addressing modes, the operand may contain symbols 


(labels) and expression that are evaluated during assembling. 


They must range from 0 to 255. 
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Example: 


Machine code exadcoenet! 
Statement Label address 100 


Byte l Byte 2 





B X E6 
B, X E6 
B 5, X E6 
B LABEL, X E6 
B LABEL +5, X E6 


Figure 1-1-4 shows how data flows in indexed addressing mode. 


Address=Index 
registert+ 
Displacement 


Program memory 


Instruc- 
tion 


ment 


Displacement S 256 


Outline flowchart Example 





Fig. 1-1-4 Data Activity in Indexed Addressing Mode 
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(6) Relative Addressing 


This mode is limited to branch instructions. 


A relative addressing instruction is converted into 2 bytes of 
machine code by the assembler. The second byte indudes an 
8-bit relative address (Rel., used as two's complement). 

On execution, the relative address (Rel.), the contents of 

the Program Counter (PC), and 2 are added to obtain the 


absolute address (D) of the branch destination as follows. 


D = (PC) + 2 + Rel. 
D : absolute address of branch destination 


Rel : relative address 


Therefore, the branch destination is within -126 and +129 from 


the OP-code address. 


Example: 


Machine code (Hexadecimal) 
Statement Label address - (PC) -2 =100 





BEQ *+17 
BEQ LABEL 64 
BEQ LABEL - 105 


If, however, the branch destination is more than -126 to +129 


away, JMP and JSR instructions can be used as shown below. 
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Example: 


Reo 
JMP 300 
JSR 300 


Figure 1-1-5 shows how data flows in relative addressing mode. 





Machine code (Hexadecimal) 





HINZVC 


Program memory 


(et 
ee eae 
Next in- 
(PC +2) : PCsS0(Oletruction 


Cte 
Next in- 
PC = 5025/ctruction 


ee 





Fig. 1-1-5 Data Activity in Relative Addressing Mode 
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1.2 CPU Registers 


The CPU has three 16-bit registers and three 8-bit registers. The 
register configuration of the CPU is shown in Fig. 1-2-1. 


is shown in Fig. 1-2-1. 


7 | 0 

Accumulator A 

7 0 

ACCB Accumulator B 

15 0 
15 0 
Program Counter 
1§ 0 


Stack Pointer 


Condition Code Register 
Carry-borrow, from bit 7 
Overflow 

Zero 

Negative 

Interrupt mask 





Half-carry, from bit 3 
Fig. 1-2-1 CPU Registers 


(1) Accumulators (ACCA & ACCB) 

The CPU has two 8-bit accumulators that store the result of 
arithmetic and logical operation. 

If a double accumulator is specified, a pair of registers ACCA 


and ACCB can be functions as an 16-bit register. 





Fig. 1-2-2 ACCAB (Double Accumulator) 


(2) Index register (IX) 
The index register is a 2-byte (16-bit) register that stores 
a 16-bit memory address used in indexed addressing mode or a 
16-bit immediate data. 
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(3) 


(4) 


(5) 


Program counter (PC) 


The program counter is a 2-byte (16-bit) register that indi- 


cates the address of the instruction being executed by the CPU. 
After the instruction execution, the program counter is 
automatically incremented, indicating the address of the 


next instruction. 


Stack pointer (SP) 


The stack pointer is a 2-byte (16-bit) register that indi- 
cates the next available location in the memory pushdown/ 
popup stacks. Any area of memory may serve as stacks; and 
random access (read/write) memory is generally used as stacks. 
In an application system which must hold data in stacks even 
an application system which must hold data in stacks even 
when power supply is off, the stacks normally use battery- 


backed CMOS memory. 


Condition code register (CCR) > 


The condition code register indicates the result of arithmetic 
operation, etc. It consists of six bits: zero (Z), negative 
(N), overflow (V), carry-borrow from bit 7 (C), half-carry 
from bit 3 (H), and interrupt mask (I). These bits may be 
tested by a variety of conditional branch instructions, which 


is limited to relative addressing. It should be noted that 


the upper two bits of the contition code register cannot be 


used. 
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1.3 Instruction Set Details 


Meanings o 


(1) Operat 


peo. == c 
tl 


(2) Regist 


ACCA = 
ACCB = 
ACCX = 
ACCD = 
Cc = 
IX = 
IXH = 
IXL = 
PC. = 
PCH = 
PCL = 
SP = 
SPH = 
SPL = 


(3) Memory 


M = 
MH = 
ML = 

M+l = 


Imm = 


28 


f symbols and mnemonics: 


ion symbols 


Contents 


Direction of data transfer 
From stack 
To stack 


= AND operation 


OR operation 
Exclusive-OR operation 
NOT operation 


ers within MPU 


Accumulator A 

Accumulator B 

Accumulator A or B 

Double accumulator (ACCA + ACCB) 
Condition-code register 

Index register, 16 bits 

MSB 8 bits of index register 
LSB 8 bits of index register 
Program counter, 16 bits 

MSB 8 bits of program counter 
LSB 8 bits of program counter 
Stack pointer, 16 bits 

MSB 8 bits of stack pointer 
LSB 8 bits of stack pointer 


and addressing modes 


Memory address 

MSB 8 bits of memory address 

LSB 8 bits of memory address 

Memory address of memory address M + 1 
Immediate data 


@ HITACHI 


ImmH 
ImmL 
Disp 

Rel 


ACCX 
IMMED 
DIRECT 
INDEX 
EXTEND 
RELATIVE 
IMPL 


(4) Mean 


TMmHAN GaN 


(5) Bit 
An 
Bn 
Dn 

TXn 

IXHn 

IXLn 
Mn 

SPHn 

SPLn 
xn 


(6) Bit 


Rn 
RHn 


RLn 


MSB 8 bits of immediate value 
LSB 8 bits of immediate value 
M - (IX) 


Displacement 


Relative addressing Branch destination absolute 


address - (PC) - 2 
Accumulator addressing 
Immediate addressing 
Direct addressing 
Index addressing 
Extended addressing 
Relative addressing 


Implied addressing 


ing of bits 0 through 5 of condition-code register 


bit 0 

Overflow for 2's complement; bit 1 
bit 2 

Negative; bit 3 


Carry and borrow; 


Zero; 


Interrupt mask; bit 4 
Half carry from bit 3 to bit 4; bit 5 


status before run of instruction 

= Bit n of ACCA (n = 7, 6, 5, ...-, O) 

= Bit n of ACCB (n = 7, 6, 5, ««-, O) 

= Bit n of double accmulator (n = 15, 14, 13,..., 0O) 
= Bit n of IX (n = 15, 14, 13,..., O) 

= Bit n of IXH (n = 7, 6, 5,..-., O) 

= Bit n of IXL (n = 7, 6, 5S,eee, O) 

= Bit n of M (n = 15, 14, 13,..., O) 

= Bit n of SPH (n =s 13 6, Sp ake Zs 0) 

= Bit n of SPL (n = Ls 6, a eae aa 0) 

= Bit n of ACCX (n = 7, 6, 5,...-, QO) 
status after run of instruction 

= Bit n of result (n = 15, 14, 13,..., 0) 


= Bit n of resulting high-order byte 
(n= 75 Sy Sesccee <0) 

= Bit n of resulting low-order byte 
(i= -74. 65. See seg 0) 
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a 
{ 


Add accumulator B to accumulator A ABA 


Category Function 


Arithmetic} ACCA —— (ACCA) + (ACCB) 
operation 


(Two 
operands) 









Adds the contents of ACCB to the contents of ACCA, 
and stores the result into the ACCA. 





Effects on the condition codes 


H = A3+B3@B3+R3@OR3°A3: Set if a carry from bit 3 is generated; 
cleared otherwise. 
Not affected. 
Set if the result's MSB is 






"1"; cleared otherwise. 


Set if the result is zero; 

















cleared otherwise. 
A7-B7-R7OA7-B7-R7: 
otherwise. 






Set if the result overflows; cleared 





C = A7-B70B7-R7OR7-A7: Set if a carry from the MSB is generated 
cleared otherwise. 


Addressing modes and CPU cycles 





Instruction code 











Addressing Operand 


format 






Mnemonic 


Add accumulator B to indeX register 


Arithmeticl IX —— (IX) + (ACCB) 
operation 





Adds the unsigned contents of ACCB to the contents of 


the IX taking into account a carry from the low-order 


byte of the IX, and stores the result into the IX. 


Effects on the condition codes 





Not affected. 








Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format 
AB X 


Instruction code 


CPU 


3rd cycles 


byte 


lst 
byte 


2nd 
byte 





py 
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ADd@ with Carry ADC 


Arithmetic | ACCX —— (ACCX) + (M) + (C) 
operation | 
(Two. Adds the contents of ACCX, memory M, and carry bit C, 


operands) | and stores the result into the ACCX. 








Effects on the condition codes 


X3->M30M3-R30R3-X3: Set if a carry from bit 3 is generated; 
cleared otherwise. 
Not affected. 


R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is zero; 


cleared otherwise. | 
X7°-M7-R7OX7°M7-R7: Set if the result overflows; cleared 
otherwise. | : 


X7-M7O0M7-R7OR7*X7: Set if a carry from the MSB is generated; 
cleared otherwise. 








Addressing modes and CPU cycles 


Instruction code 
Addressing a Operand 


mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 
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ADD without carry ADD 


Arithmetic | ACCX —— (ACCX) + (M) 
operation 
(Two 
operand) Adds the contents of memory M to the contents of ACCX 


and stores the result into the ACCX. 








Effects on the condition codes 


H = X3-M30M3-R30R3-X3: Set if a carry from bit 3 is generated; 
cleared otherwise. 

I : Not affected. 

N = R7: Set if the result's MSB is "1"; cleared otherwise. 

Z = R7°R6°R5‘R4°R3°R2°R1°RO: Set if the result is zero; 
cleared otherwise. 

V = X7-M7-R7O0X7-M7-R7: Set if the result overflows; cleared 
otherwise. 

C = X7°-M70M7-R7OR7-X7: Set if a carry from the MSB 16 generated; 
cleared otherwise. 


Addressing modes and CPU cycles 


Instruction code 


byte | byte | byte 
ADD B_ Disp,X 


Addressing Operand 


mode Mnemonic format 





BB 
CB 
FB 
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Double ADD without carry , | ADDD 


Arithmetic | ACCD =—— (ACCD) + (M:M+1) 
operation 





Adds the contents of memories M and M+l to the contents 
of ACCD, and stores the result into the ACCD. 


Effects on the condition codes 





Not affected. 
Not affected. 


N=R1L5; Set if the result's MSB is "1"; cleared otherwise. 
R15°R14-R13-- *+*RO: Set if the result is zero; cleared 
otherwise. 


AB15°M15°RI5@AB15°M1l5°R15: Set if the result overflows; 
cleared otherwise. | | , | 
AB15°M150M15-R15OR15-AB15: Set if a carry from the MSB is 
generated; cleared otherwise. 








Addressing modes and CPU cycles 


Instruction code 
Addressing Operand 
mode : Mnemonic format 





And IMmediate AIM 
Category 


Logic M-—— IM - (M) 
operation 





ANDs the immediate data and the contents of the memory 
M, and stores the result into the meory M. 


Effects on the condition codes 





Not affected. 
Not affected. 


R7°R6°R5°R4°R3°R2°R1*RO: Set if the result is zero; cleared 
otherwise. 


O: Cleared. 
Not affected. 





Addressing modes and CPU cycles 


. Instruction code 

Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 


DIRECT AIM #Imm,M 71 
INDEX AIM #Imm,Disp,X| 61 
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logical AND / and | 


Logic ACCX —— (ACCX) «+ (M) 
operation 


ANDs the contents of ACCX and the memory M, and stores 
the results into the ACCX. 








Effects on the condition codes 


Not affected. 
Not affected. 
Set if the result's MSB is "1". cleared otherwise. 


~R7°R6°R5°R4°R3°R2°R1°RO: Set if the result is zero; cleared 
otherwise. 

0: Cleared. 

Not affected. 





Addressing modes and CPU cycles 


Addressing | : | 
mode Mnemonic format lst 2nd 3rd 
| byte | byte | byte 


Bs 
Daa 





Operand 





Camp | aND Bb ttmm | c4_| inn 
Domect [asp a ™ ‘| >a | ™_ 
Pexmo [ane om [ra jw [m | 3 [4 | 
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Arithmetic Shift Left ASL 


Shift & 


by Be 





Shifts ACCX or memory M by one bit to the left. Bit 0 
takes "0". The original value of bit 7 moves into the 


carry bit C. 


Effects on the condition codes 


Not affected. 
Not affected. 
R7: Set if the result's MSB is "1"; cleared otherwise. 

Set if the result is zero; 
cleared otherwise. | 
NOC: Set if either N=1 and C=0 or N=0 and C=1 after the 
shift operation; cleared otherwise. 
Note: The N and C are those. obtained after operation. 
M7: Set if the MSB of ACCX or the memory is "1" before the 
shift operation; cleared otherwise. 








Addressing modes and CPU cycles 


Addressing Operand 
mode format lst 2nd 3rd 
byte | byte | byte 


CPU 
cycles 
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Arithmetic Double Shift Left A:B / asup | 


Category ‘Function 





Shift & 


lips centimeter sina si eetoaagsatuibnsstinieniasemnsaticisiay 
rotation | CTT TT TTT TTT 
bis bo 


N 2 H 


Addressing | | Operand 
Mnemonic format 





Shifts ACCD by one bit to the left. Bit 0 takes "0". 
The original value of bit 15 moves into carry bit C. 


Effects on the condition codes 


Not affected. 

" 
R15: Set if the result's MSB is "1"; cleared otherwise. 
RI5'R1I4°Ria+-++-+++++++RO: Set if the result is zero; 
cleared otherwise. _ | : 
N@C: Set if either N=l and C=0 or N=0 and C=1 after the 
shift operation; cleared otherwise. 
Note: The N and C are those obtained after operation. 
AB15: Set if the MSB of ACCAB is "1" before the shift 
operation; cleared otherwise. | 


Addressing modes and CPU cycles 


lst 2nd 3rd 
byte | byte | byte 
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Arithmetic Shift Right | /asr | 


Shift & my ge 
b+ bo 


rotation 

Shifts the contents of ACCX or niemory M by one bit to 
the right. Bit 7 is not affected. The original value of 
bit O moves into carry flag. 














Effects on the condition codes 





Not affected. 

Not affected. 

R7: Set if the result's MSB is "1"; cleared otherwise. 
R7-R6°R5°R4-R3*R2°RL°'RO: Set if the result is zero; cleared 
otherwise. 


N@C: Set if either N=l1 and C=0 or N=0 and C=1 after the 
shift operation; cleared otherwise. | 

Note: The N and C are those obtained after operation. 
MO: Set if the LSB is "1" before the shift operation; 
cleared otherwise. 








Addressing modes and CPU cycles 


Instruction code 






Operand 
format 
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40 









Branch if Carry Clear BCC 


Condi- PC —— (PC) + 0002 + Rel If (C) 
tional : 

branch | 
Tests the state of carry bit C and causes a branch 


if C = 0. 


Effects on the condition codes 





Not affected. 





Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
| byte | byte | byte 








Bit CLeaR BCLR 


Logic Mi = 0 
operation 


Clears bit i (i=0 to 7) of the memory M. Other 


bits are not affected. 
* The machine code of this instruction is the same as 


AIM. 


Effects on the condition codes 








Not affected. 
Not affected. 
Set if the result's MSB is "1"; cleared otherwise. 
Set if the result is zero; cleared 
otherwise. 
0: Cleared. 
Not affected. 





Addressing modes and Cpu cycles 





Instruction code 
CPU 
cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 


fprrect | scrr_ oom | 7a | re | wm | 
a 2 oe 
Le eee 





Po" ceR 4M ae oe ae a 
a ee gl BOUR  BeMy DR 
Po ctr ME Te 
[ae ee ie (ee (1 (ee | 
| BCLR  0,Disp,x_ | 61 | FE [Disp | 3 | 7 
BCLR1,Disp,x | "| FD | a 
BCLR 2,Disp,x | "| 
BCLR 3,Disp,x | "| 
[| BCLR  4,Disp,x_ | " 
| BCLR 5,Disp,x |" _ 
| BCLR 6,Disp,xX | "| 
seek 7 .pisp.x [> 
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Branch if Carry Set BCS 


Category Function 


Condi- | PC —— (PC) + 0002 + Rel If (c) =l 
tional | 


jbranch 


Tests the state of carry bit C and causes a branch 
ie CS. | 


Effects on the condition codes 


Seeeaeeepmneenean 





: Not affected. 


H 
I 
N 
Zo: " 
V 
Cc 


Addressing modes and CPU cycles 











Instruction code 


lst 2nd 
byte | byte 
25 Re 






Addressing Operand 


format 






Mnemonic 


HITACHI 


Branch if EQual /  BEQ | 


PC =— (PC) + 0002 + Rel If (2) 





Tests the state of bit Z and causes a branch 
if Z=l. 





Effects on the condition codes 


: Not affected. 


QqgN ZH BZ 





Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte | byte] byte 


RELATIVE BEQ 


Addressing 


mode 
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Branch if Greater than or Equal to zero 


Category Function 


Condi- PC —— (PC) + 0002 + Rel if (N) ® (Vv) = 0 
tional 
branch 





that is, (ACCX) > (M); in the case of two's complement 


Branches if N=l and V=l or if N=0 and v=0. 
When a BGE instruction is executed immediately after 
an instruction such as CBA, CMP, SBA or SUB has been 


executed, a branch occurs if the minuend (ACCX) as a 


two's complement iS greater than, or equal to, the 


subtracter (M) as a two's complement. 


Effects on the condition codes 





Not affected. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd | 
? byte | byte | byte 


RELATIVE 
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Branch if Greater Than zero BGT 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (Z)O[(N)@(V)] = 0 
tional 


, 3 
Branch that is, (ACCX) > (M); in the case of two's complement 


Branches if Z=0 and N&V=1l or if Z=0 and N&V=0. 


When a BGT instruction is executed immediately 
after an instruction such as CBA, CMP, SBA or SUB 
has been executed, a branch occurs if the minuend 
(ACCX) as a two's complement is greater than the 


subtracter (M) as a two's complement. 





Effects on the condition codes 





Not affected. 





Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
| byte | byte |; byte 


RELATIVE 








o1 





Branch if HIgher BHI 


Category ; | Function 


Condi- PC — (PC) + 0002 + Rel If (C)O(Z) = 
tional 
branch 


That is, (ACCX) > (M); in the case of unsigned binary 


Branches if C=0 and Z=0. When a BHI instruction 

is executed immediately after an instruction such 
as CBA, CMP, SBA or SUB has been executed, a branch 
occurs if the minuend (ACCX) as a unsigned binary 
is greater than the subtracter (M) as a unsigned 
binary. 





Effects on the condition codes 





Not affected. 








Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
byte | byte | byte 
22 | Ret 


CPU 
cycles 





Pete set 
a care 
ae eee 
ae eee 
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BIt Test 


Category Function 


Logic (ACCX) + (M) 
operation 








Performs the logical "AND" operation between 





the contents of ACCX and those of memory (M). 
Then, the condition codes reflect the result. 


The contents of the ACCX and those of memory M remain 


unchanged. 


Effects on the condition codes 


: Not affected. 

: Not affected. 

Set if the result's MSB is "1"; cleared otherwise. 

= R7°R6°R5°R4°R3°R2°R1°RO: Set if all bits of the result are 
zeros; cleared otherwise. 

0: Cleared. 


C : Not affected. 


N 2 FH 
uN 
WwW 
“J 


< 
HH 





Addressing modes and CPU cycles 


Instruction code 


CPU 
cycles 


Addressing | Operand 





mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 


Sats 
= 
aT 
© HITACHI 
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Branch.if Less than or Equal to zero BLE 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (Z) © [(N)@(V)] = 1 
tional ae 
branch 


That is, (ACCX) = (M); in the case of two's complement 


Branches if Z=l or N=l & V=0 or N=0 & V=1. 

When a BLE instruction is executed immediately 
after an instruction Such as CBA, CMP, SBA or SUB 
has been executed, a branch occurs if the minuend 
(ACCX) as a two's complement is smaller than, or 


equal to, the subtracter (M) as a two's complement. 





ne ee nee er NS 


Effects on the condition codes 


: Not affected. 


QA aN ZH Re 


Addressing modes and CPU cycles © 


Inst tion ccde| Byte 

nstruc i S| ees 
lst 2nd 3rd instr. cycles 
byte } byte! byte! code 
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Branch if Lower or Same BLS 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (C) © (Z) = 1 
tional 
branch 


That is, (ACCX) = (M); in the case of unsigned binary 


Branches if C=1l or Z=l1. 

When a BLS instruction is executed immediately 
after an instruction such as CBA, CMP, SBA or SUB 
has been executed, a branch occurs if the minuend 
(ACCX) aS a unsigned binary is smaller than, or 


equal to, the subtracter (M) aS a unsigned binary. 





Effects on the condition codes 







Not affected. 






Addressing modes and CPU cycles 





Instruction code 


@ HITACHI 


49 





50 


Branch if Less Than zero BLT 


Condi- PC —— (PC) + 0002 + Rel If (N) ® (V) = 


tional | fd ; 
branch That is, (ACCX) < (M); in the case of two's complement 









Branches if N=l1 & V=0 or N=0 & V=1l1. 

When a BLT instruction is executed immediately 
after an instruction such as CBA, CMP, SBA or SUB 
has been executed, a branch occurs if the minuend 
(ACCX) as a two's complement is smaller than the 
Substracter (M) as a two's complement. 


Effects on the condition codes 


Not affected. 





Addressing modes and CPU cycles 










Instruction code 
Operand 


Mnemonic format lst 2nd 3rd 
byte | byte | byte 


Addressing 
mode 


RELATIVE 


BLT Rel 
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Branch if MInus BMI 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (N) = 1 
tional 
branch 
Tests the state of negative bit N and causes a branch 


if N=1. 


Effects on the condition codes 





: Not affected. 


H 
I 
N 

. r 
V 

Cc 


oe ee 






Operand 
format 


51 





Branch if Not Equal / BNE | 
Category Function 


Condi- PC —— (PC) + 0002 + Rel If (Z) = 0 
tional 
branch 


Tests the state of zero bit Z and causes a branch 
if Z=0. 





Effects on the condition codes 


: Not affected. 


QQ dad N Bao we 


Addressing modes and CPU fermen 


Instruction Instruction code 
Addressing Operand 
mode Mnemonic somes lst 2nd 3rd 
byte | byte] byte 


aS 
ee eee a 
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Branch if PLus BPL 


PC ~—— (PC) + 0002 + Rel. If (N) 


Tests the state of negative bit N and causes a branch 
if N=0. 








Effects on the condition codes 


: Not affected 








Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format 


RELATIVE _BPL Re 





Instruction code 


CPU 


3rd cycles 


byte 


2nd 
byte 


lst 
byte 





~ 
vs] 
0) 

te 
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BRanch Always 
Category Function 


Uncondi- PC —=— (PC) + 0002 + Rel 
tional 
branch & 


Jump 


Branches unconditionally to the address resulting 
from the above expression. "Rel" is the relative 
address stored as a two's complement in the second 
byte of the machine code of a branch instruction. 





Effects on the condition codes 







Not affected. 









Addressing modes and CPU cycles 
Operand 
Mnemonic format lst 2nd 3rd 
: | byte | byte | byte 
BRA Rel 


Addressing 
mode 


RELATIVE 
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BRanch Never / BRN | 


Uncondi- PC —— (PC) + 0002 

tional 

branch & 

jump A two-byte 3-cycle instruction that is equivalent to 





NOP instruction. As a feature of the HD6301, 
this instruction provides a function opposite to the 
BRA instruction. 


Note: The second byte of the instruction code takes 
an arbitrary value (0 to SFF) at which a 


branch may occur. 





Effects on the condition codes 





: Not affected. 


QA aN ZH 





Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
byte |} byte | byte 





© HITACHI 
55 


56 


Bit SET BSET 


Category . Function 


Mi—— 1 
Logic . Sets bit i of the memory. (i = 0 to 7) Other bits 
operation 

are not affected. | | 


* The machine code of this instruction is the same as 


O1IM. 








Effects on the condition codes 






Not affected. 
: Not affected. 


R7: Set if the result's MSB is "1"; cleared otherwise. 


otherwise. 
0: Cleared. 
Not affected. 







Instruction code 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
| byte | byte | byte 
2 M 


DIRECT 
pos. ser 1M 7 a 
Pos | ser 2M ! 


. BSET 3,M 
BSET 4,M 
BSET  5,M 
BSET. 6,M 
BSET 7,M_ 
BSET 0,Disp,X 62 Ol |Disp 3 qd 
HET. Wbispe dee! |) Ol te an Si 8 
BSET _2,Disp,X pit 
BSET  _—-3,Disp,x |" | o8 | " | "| 

BSET —4,Disp,x | " | 10 | * | " [| * | 


re |O 
oO |e 


INDEX 


BSET 5,Disp,X " 20 " 


BSET _6,Disp.x | " | 40 | "| 
ae | 


BSET 7,Disp,X 
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Branch to SubRoutine / BSR | 
Category Function 


Subroutine 1. Increments the PC by two. 


control Saves the low-order byte of the 


program counter into the stack. 


Decrements the SP by one. 


Saves the high-order byte of 


the PC into the stack. 
Decrements the SP by one. 


Branches to the address 
indicated by the program. 





Effects on the condition codes 


Not affected. 





Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte |} byte | byte 


CPU 
cycles 


Addressing 
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Bit ToGgLe | ae . BTGL 
Mi —— Mi 

Logic Inverts bit i of the memory M. i = 0to 7) Other 

operation 


bits are not affected. 


NOTE) BTGL has the same instruction code as EIM. 








Effects on the condition codes 








: Not affected. 
: Not affected. 
Set if the result's MSB is "1"; cleared otherwise. 

= R7-R6-R5-R4-R3-R2°R1-RO: Set if the result is zero; cleared 
otherwise. 
0: Cleared. 


Not affected. 


N 2 HH & 
x 
~J 










Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format. 
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Bit TeST BTST 
Category Function 


Mi: 1 
Performs the logical "AND" operation between bit i 


Logic 
operation 


(i=0 to 7) of the memory M and "1". 


Then, the condition codes reflect the result. 


NOTE) BTST has the same instruction code as TIM. 








Effects on the condition codes 


H : Not affected. 

I : Not affected. 

N= R7: Set if the result's MSB is "1"; cleared otherwise. 

Z = R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is zero; cleared 
otherwise. 

V= 0: Cleared. 


C : Not affected. 


Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format 


DIRECT BIST 0,M 7B 


Instruction code 


lst 2nd 3rd 
byte } byte | byte 








w 

r 

WM 

Hy 

ro 

= 
Nik 2}|oO 
ele lefe lelelelele 


BIST 7M " 

BIST _—0,Disp,X 01 |Disp 
[os sf arst 1 Disp, x Oe es 

[i i erst 2, Disp, X — 4 
ee: 3,Disp,X | 08 | — 
[od esr 4 Disp,x |” | a0 | os 
[os arse 5 bisp,x | " {| 20; " | oo" | oo» 
| os | erst 6, Disp, x is ee 
| | sprsr 7, Dis 4x a a 
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Branch if oVerflow Clear BVC 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (Vv) 
tional | : i 
branch 


Tests the state of overflow bit V and causes a branch 
if Vv = 0. | | 





Effects on the condition codes 


Not affected. 


A qn ww we 


Addressing modes and CPU ieoetarepers 


Instruction code code 
Addressing : Operand 
| Mnemonic format lst 2nd 3rd 
byte | byte | byte 
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Branch if oVerflow Set | BVS 


Category Function 


Condi- PC —— (PC) + 0002 + Rel If (Vv) =l 
tional 
branch 


Tests the state of overflow bit V and causes a branch if 
V = Ly: 








Effects on the condition codes 


Not affected. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format 


RELATIVE Rel 


Instruction code 


lst 2nd 3rd 
byte | byte | byte 


CPU 
cycles 
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Compare Accumulators CBA 


Category | | Function 


Compare & (ACCA) (ACCB) 
test 


Compares the contents of ACCA to those of ACCB and 
sets the condition codes according to the result. 
Used for a conditional branch in arithmetic or 
logical operation. Both operands are not 


affected. 





Effects on the condition codes 


: Not affected. 
: Not affected. 
Set if the MSB of the result is "1"; cleared otherwise. 


= R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is zero; cleared 
otherwise. 


N 2 AH 
NW 
v9] 
~J 


V = A7-B7-R70A7-B7-R7: Set if the result overflows; cleared 
otherwise. 

C = A7-B70B7-R7OR7-A7: Set if a borrow is generated; cleared 
otherwise. 






Addressing modes and CPU cycles 





of 
instr. 
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CLear Carry | CLC 


Category Function 


Bit Bit C —— QO 
control 


Clears carry bit C. 


Effects on the condition codes 






Not affected. 


Addressing modes and CPU cycles 













Addressing 
mode 


Operand 
format 


63 
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CLear Interrupt mask CLI 


Bit I —— 0 | 

Sener 
Clears the interrupt mask bit I of the condition code. 
When an interrupt occurs in response to an interrupt 
request from a peripheral, this instruction enables 
the microprocessor to receive the interrupt request. 


| Effects on the condition codes , | 


Not affected. 
Cleared. 
Not affected. 
















Addressing modes and CPU cycles 


lst 2nd 3rd | ji 
byte | byte | byte 






Addressing Operand 


format 










Mnemonic 


€ HITACHI 


CLeaR CLR 


Arithmetic | ACCX —— 00 or M — 00 

operation 

(One 

operand) Cleares the contents of ACCX or those of memory M 


to zero. 








Effects on the condition codes 


Not affected. 


Cleared. 
Set. 


Cleared, 


Cleared. 





Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 


Tacx fam aC | 
Paccx fan sd TT 
Pex [err * | 
aan 

ANAM: iS TAs ak SO 
RAN SASORAARERASE Si! BON A AEC 

A, SE EE Sie SM 
A a Ce Se NE 


@ HITACHI 











65 


CLear two's complement oVerflow bit CLV 


Category Function 


Bit Bit V —— Q 
control 


Clears the overflow bit V of the condition code. 








Effects on the condition codes 


Not affected. 


Cleared. 
Not affected. 





Addressing modes and CPU cycles 


Addressing | Operand 
mode noni format — lst 2nd 3rd 
| } {| byte | byte | byte 
CLV 
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CoMPare CMP 


Category Function 


Compare (ACCX) - (M) 
& 
Test 
Compares the contents of ACCX to those of memory M 


and changes the condition codes according to the 
result. The contents of the condition codes may 
be referenced by the following conditional branch 
instruction. 


Both operands are not affected. 


Effects on the condition codes 


: Not affected. 
Not affected. 
= R7: Set if the MSB of the result is "1"; cleared otherwise. 


= R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is zero; cleared 


N BQH 


otherwise. 

V = X7-M7-R7@X7-M7-R7: Set if the result overflows; cleared 
otherwise. 

C = X7-M70M7-R7OR7-X7: Set if the absolute value of the memory 


is greater than those of the accumulator; cleared otherwise. 










Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte | byte | byte 


= 

Permect [PAN | | m 
7 
Tormect [aw Bw «dL 


INDEX CMP B- Disp,X El |Disp 
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Addressing 
mode 






— 


ie — 
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COMplement COM 


Category Function 


Logic ACCX =—=— «(ACCX) FF - (ACCX) or 
operation M —<—-=(M) = FF (M) 


Takes one's complement of each bit in ACCX or 


memory M. 








Effects on the condition codes 


H : Not affected. 

I : Not affected. 

N = R7: Set if the result's MSB is "1"; cleared otherwise. 

Z = R7*R6°R5*R4°R3'R2°R1L°RO: Set if the result is zero; cleared 
otherwise. 

V= 0: Cleared. 

C= 1: Set. ’ 





Addressing modes and CPU cycles 


| Instruction code 
Addressing Operand . 
mode Mnemonic format lst 2nd 3rd 
byte | byte} byte 
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ComPare indeX register CPX 


Category Function 


Index (IX) - (M : M + 1) 
register 
control 


Compares the contents of the IX to those 





of memories M and M+l. 








Effects on the condition codes 


Not affected. 
Not affected. 
R15: Set if the MSB MEP or the result is "1"; cleared otherwise. 


: Set if the result is "0"; cleared otherwise. 
IX15-M15-R150IX15-M15-R15: Set if the result overflows; and 
cleared otherwise. 

IX15-M150M15-R15OR15-TX15: Set if the absolute value of the 
memory is greater than that of the index register; cleared 


otherwise. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte} byte 






CPU 
cycles 
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Decimal Adjust ACCA | {DAA 


- : 


Gecimal data, . 

00, 06, 60 and 
66, to ACCA 
according to 

: Not affected. 

: Not affected. | 

: R7: Set if the MSB of the result is "1"; cleared otherwise. 

= R7*R6O°'Ro*R4*RO*RO°*RLRO: Set if the result is zero; cleared 


Initial bitH the table. 
(Hatt ity) 7 For BCD (binary- 
sm 2 = es . 2 coded decimal) 
0-9 A-F 0-3 0-9 A-F 0-3 0-9 A-F 0-3 addition by an 
otherwise. 
Not affected. 


instruction 
C : Set or cleared as shown in the above table. 








such as ABA,ADD 
00 06 06 60 66 66 60 66 66 or ADC, DAA 
executes this 
function if the 
result is in 
bits C and H of 
ACCA. 






Bit c after 
DAA 










Effects on the condition codes 


Nn 4 HY 3 


< 


Addressing modes and CPU cycles | 


Addressing Operand 
Mnemonic lst 2nd 3rd 
_| byte | byte | byte 
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DECrement DEC 


Category Function 


Arithmetic ACCX —— (ACCX) - 01 or 
operation 


M=—— (M) - Ol 





Subtracts 1 from the contents of ACCX or those 


of memory M. Bits N, 2 and V are set according 


to the result. Bit C is not affected. 





Effects on the condition codes 


: Not affected. 
: Not affected. 
Set if the MSB of the result is "1"; cleared otherwise. 


= R7-R6-R5-R4-R3°-R2-R1-RO: Set if the result is zero; cleared 
otherwise. 


wm eee ee 


V = X7-X6-X5-X4-X3-X2-X1-XO = R7-R6-R5-R4-R3-R2-R1-RO 


: Set if the result overflows; cleared otherwise. An over- 


N 2 H 
HT 
w 
J 


flow occurs if the contents of ACCX or those of the memory 
before operation are 80. 
C : Not affected. 





Addressing modes and cpu cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte] byte 


ACCX DEC A 


ca 
Par 


CPU 
cycles 





4A 
5A 


Gi 
a 
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DEcrement Stack pointer / DES — 
Category Function 


Stack | SP —— (SP) = 0001 
pointer 
control 


Subtracts 1 from the SP. 





Effects on the condition codes 





: Not affected. 


QdqanauyHinm 


Addressing modes and CPU cycles 


Addressing Operand + : 
Mnemonic format lst 2nd 3rd 
byte | byte | byte 
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DEcrement indeX register DEX 
Category Function 


Index IX ~—— (IX) - 0001 
register 
control 





N 2 H 


< 


Subtracts 1 from the IX. 


Bit Z is set or reset according to the result. 


Effects on the condition codes 


Not affected. 

Not affected. 

Not affected. 

(RH7 - RH6 *RH5 * RH4 * RH3°RH2°RH1°RHO) - (RL7*RL6*RL5S*RL4*RL3°RL2> 
RL1-RLO): Set if the result is zero; cleared otherwise. 
Not affected. . 


Not affected. 









Addressing modes and CPU cycles 


Instruction code 


Operand 
format 
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| E-or IMmediate EIM 


Category Function 


Logic M—— IM ® (M) 
operation 


Performs the logical exclusive "OR" operation 


between the immediate data and the contents of 


memory M, and stores the result into the memory M. 





Effects on the condition codes 





Not affected. 
Not affected. 
Set if the M's MSB is "1"; cleared otherwise. 
Set if the contents of M is zero, 
cleared otherwise. | 
0: Cleared. 
: Not affected. 








Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte | byte 


byte 
DIRECT EIM #Imm,M 


EIM #Imm,Disp,X 


CPU 


Addressing 
cycles 


mode — 


M 
Disp 





Imm 


LAT file 


Eee 
Besuad 
eal 
hod 
Co 
a 
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Exclusive OR /  £OR | 


Category Function 


Logic ACCX —— (ACCX) ® (M) 
operation 


Performs the logical exclusive "OR" operation between 


the contents of ACCX and those of memory M, and stores 
the result into the ACCX. 





Effects on the condition codes 















Not affected. 
: Not affected. 
Set if the MSB of the result is "1"; cleared otherwise. 
= R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is zero; cleared 
otherwise. 
0: Cleared. 


Not affected. 


N 2H & 
it 
wa 
“J 





Addressing modes and CPU cycles 





Instruction code 











Addressing 
mode 


Operand 
format 


[swe [oR A tim | oo 
[orrech [for AM ~«d(B 
Pex [BORA S«d Be 
Canoex [BORA iep,k [Ae 

x co 


—s 
i 


X 
INDEX EOR B_ Disp,X 
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: cyc 
Mnemonic ycles 


15 





INCrement INC 


Arithmetic ACCX —=— (ACCX) + 01 or 
operation M (M) + 01 





Adds 1 to the contents of ACCX or those of 
memory M. Bits N, Z and V are set according to 


the result. Bit C is not affected. 


Effects on the condition codes 





: Not affected. 
: Not affected. 
R7: Set if the MSB of the result is "1"; cleared otherwise. 


= R7-R6-R5-R4-R3-R2-R1-RO: Set if the result is ZEXO; cleared 
otherwise. 


N 2 4 
i 


V = X7°X6°X5°X4°X3°X2°X1°-XO0 = R7-R6°R5°R4°R3°R2°R1°RO 
: Set if the result overflows; cleared otherwise. An over- 
flow occurs if the contents of ACCX or those of the memory 
before operation are 7F. | 

C : Not affected. 


Addressing modes and CPU cycles 


Instruction code 
Addressing 


mode 
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INcrement Stack pointer 


Category Function 


Stack SP —— (SP) + 0001 
pointer 
control 

Adds 1 to the SP. 





Effects on the condition codes 


Not affected. 


Addressing modes and CPU cycles 


Instruction code 
Addressing Operand 
Mnemonic format lst 2nd 
byte | byte 
INS 
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?7 


78 





INcrement indeX register INX 





Index IX —— (IX) + 0001 
register 
control 
Adds 1 to the IX. Only bit Z is set 


or reset according to the result. 


Effects on the condition codes. 





Not affected. 
Not affected. 
: Not affected. 


—ae GST 0 0 0 ee 0 en ee ee 0 ee 0 eee 


N 2 AH 


| 
) 
oo 
~ 
4) 
ae 
9) 
wa 
ee 
Ol 
wv 
oy 
> 
w 
am 
Ww 
wa 
— 
NO) 
ys) 
a 
em 
vs) 
G 
© 
e) 
oy 
“J 
a 
ie 
fo) 
ve) 
ct 
wm 
wv 
ce 
> 
WW 
wa 
aay 
NO 


RL1-RLO): Set if the result is zero; cleared 
otherwise. 

V : Not affected. 

C : Not affected. 





Addressing modes and CPU pongo 


Instruction Instruction code 
Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
i” Sapa CS: one byte 
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JuMP JMP 


Category Function 


Uncondi- PC —— address 

tional 

branch & 

jump Branches to the instruction at the specified address. 





The branch destination is computed by using extended 
addressing or indexed addressing modes. 





Effects on the condition codes 


Net affected. 








Addressing modes and CPU cycles 







CPU 


cycles 





Addressing 
mode 


Operand 
format 











INDEX JMP 


O) HITACHI 
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80 





Jump to SubRoutine JSR 


Category Function 


Subroutine | PC — (PC) +0003 (EXTND) Increments the program counter 
control or by two or three according to 
PC — (PC) +0002 (INDEX) the addressing mode, saves it 
} (PCL) in the 2-byte stack, and 
SP — (SP)-0001 oe updates the stack pointer. 
i (PCH) | Then branches to the specified 
SP — (SP)-0001 address. The branch destina- 
PC —- numeric address tion is computed by using 


extended addressing or indexed 


addressing. 


Effects on the condition codes 





: Not affected. 
: Lil 
i 
ii 


‘ T) 


QO dN ZB AH & 


" 


Addressing modes and CPU cycles 


) ; | Instruction code 
Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte} byte 
JSR | 





CPU 
cycles 





LoaD Accumulator LDA 


Transfer ACCX === (M) 


Loads the contents of memory M into the ACCX, 





Effects on the condition codes 





Not affected. 

Not affected. 

R7: Set if the MSB of the result is "1"; cleared otherwise. 
R7*-R6°R5°-R4°R3°-R2-R1°-RO: Set if the result is zero; cleared 
otherwise. 

0: Cleared. 

Not affected. 








Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte | byte | byte 


i 
cons #inm | 6 | tm | 
LDA B Disp,X E6 |Disp a 
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Addressing 


mode 
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82 


Double LoaD accumulator A:B LDD 


Category Function 


| Load & ACCD — (M:M+1) 
store | | 
Loads the 2-byte contents of memories M and Mtl 
into ACCD. : 


Effects on the condition codes. 













Not affected. 
: Not affected. 
R15: Set if the result's MSB is "1"; cleared otherwise. 

= RI5-RI4Z-R13.........-.RO: Set if the result is zero; cleared 
otherwise. 
0: 


Not arifected. 


N 2 HH 
I 


Cleared. 





Addressing modes and CPU cycles 


| aet?*) Saab aed. 
byte | byte | byte 


IMMED LDD #Imm ImmH ca 
ae hee eee So es 

EXTND LDD M | ML 
INDEX LDD Disp,X 










Operand 
format 


Addressing 
mode 





Mnemonic 
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LoaD Stack pointer LDS 


Category Function 


Stack SPH «<< (M) 
pointer 
control 


SPL —-— (M+1) 


Loads the contents of memory M into the upper byte 

of the SP. 

Then, loads the contents of memory M+l (which results 
when memory address M is incremented by one) into the 
Lower byte of the SP. 





Effects on the condition codes 


Not affected. 
Not affected. 


RL1-RLO): Set if the SP contents is zero after the load; 
cleared otherwise. 

0: cleared. 

Not affected. 





Addressing modes and CPU cycles 


LDS 











Instruction code 
lst 2nd 3rd 
byte | byte | byte 


M 


| lil 





Addressing 
mode 


Operand 
format 






eS 
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84 


LoaD indeX register = LDX 


Category Function 


Index IXH =— (M) 
register 
control 


IXL =~ (Mtl) 


Loads the contents of memory M into the upper 
byte of the IX. Then, loads the contents of 


“memory M+l into the lower byte of the IX. 





Effects on the condition codes 













Not affected. 
: Not affected. 
Set if the MSB of the IX is "1"; cleared otherwise. 


——aaE ae EE ee 


N 2W ea io 
il 
ye) 
fa 
~J 


RL1*RLO): Set if the IX contents is zero after the load; 
cleared otherwise. | 
V = 0: Cleared. 

Not affected. 







Addressing modes and CPU cycles 


lst 2nd | 3rd. 
byte } byte] byte 


22 
FE 
BE 









Addressing 
mode 


Operand 
format 





Mnemonic 





Ma | ML 
ae 





LLL | Py Ue 
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Logical Shift Right LSR 


Category Function 


Shift & 
rotation l | | 





Q0———+ 


oy 


b7 Co 





Shifts the contents of ACCX or memory M by one bit 
to the right. 

Bit 7 takes 0. | 

The bit C is loaded from the LSB of ACCX or memory M. 





Effects on the condition codes 


H : Not affected. 

I : Not affected. 

N= 0: Cleared. 

Z = R15°R14-R13 .... RO; Set if the result is zero; cleared 
otherwise. 


V = N@C: Set if either N=1l and C=0 or N=0 and C=1; cleared 
otherwise. 
Note: The N and C are those obtained after operation. 


C = ABO: Set if the LSB of ACCX or M is al before the 


instruction is executed; cleared otherwise. 


Addressing modes and CPU cycles 


; ‘Instruction code 
Addressing 
mode Mnemonic 


isp 
ak ae 
ana aan 
as ae 

=a 






Operand 
format 





INDEX LSR Disp,X 
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Logical Double Shift Right A:B | LSRD 


Category | Function 
Shift & 


bis ; be 





Shifts the contents of ACCD by one bit to the right. 
Bit 15 takes 0. | 
The bit C is loaded from the LSB of the ACCD. 


Effects on the condition codes 


Not affected. 

: Not affected. 

0: Cleared. 

= R15-R14-R13 eoeee+RO; : Set if the result is zero; cleared 
otherwise. | 


NR 2 He 
tt 


V = N@C: Set if either N=1 and C=0 or N=0 and C=1; cleared 
otherwise. 


Note: The N and C are those obtained after operation. 
C = ABO: Set if the LSB of ACCD is "1" before the instruction 


is executed; cleared otherwise. 


Addressing modes and CPU cycles 





Instruction code 


Addressing Operand , 
Mnemonic format lst 
byte 


3rd 
byte 


2nd 
byte 
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MULtiply unsigned MUL 


Category Function 


Arithmetic ACCD —— (ACCA) * (ACCB) 








operation 
Multiplies the contents of ACCA by those of ACCB, 
and stores the resulting unsigned 16 bits into 
ACCD. The highest-order byte of the result is 
stored into the ACCA. 
\ 
Effects on the condition codes 
H : Not affected. | 
is ce 
N : _ 
Zo: . 
Ve: ve 
C= 


R7: Set if the result's bit 7 is "1"; cleared otherwise. 


CPU | 
cycles 





Addressing modes and CPU cycles 


Instruction code 


lst 2nd 3rd 
byte | byte | byte 






Operand 
format 





© HITACHI 
87 


NEGate : '. NEG 


Arithmetic| ACCX —— -(ACCX) = 00-(ACCX) or 
Operation M —— -(M) = 00-(M) 





Takes two's complement of the contents of ACCX 
or memory M, and stores the result into ACCX or 


memory M. No change is caused if the contents of 


ACCX or memory M is $80(-128). 





Effects on the condition codes 


: Not affected. 

: Not affected. 

= R7: Set if the result's MSB is "1"; cleared otherwise... 

= R7°R6°R5°R4-R3°R2°RI-RO: Set if the result is zero; cleared 

otherwise. 

V = R7-R6-R5-R4-RZ-R2-R1L-RO: Set if the result overflows; 
cleared otherwise. The bit is set only when the contents of 
ACCX or M is $80. 

C = R7OR6ORSOR4OR3ZOR2ZORIORO: Set if a borrow is generated 

cleared otherwise. The bit is set only when the contents of 

ACCX or M is not zero. 


Nn 2 eH 
t 


Addressing modes and CPU cycles 


Addressing ‘Operand 
mode | Mnemonic format 


7 
a 


Instruction code 
fee 2nd 3rd 
byte | byte | byte 


Disp 
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No OPeration / NOP | 
Category Function 


Uncondi- Updates the program counter only and has no effect 
tional 
branch §& on other registers. 





jump 


Effects on the condition codes 


Not affected. 








Addressing modes and Cpu cycles 


Instruction code 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
byte | byte} byte 
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90. 


Or IMmediate . OIM 
Category Function 


Logical M=—-— IM © (M) 
operation | 7 


Ors the immediate data and the contents of 
memory M, and stores the result into the 


memory M. 





Effects on the condition codes | 


H : Not affected. 

I : Not affected. 

N = kR7" Set if the result's MSB is "1"; cleared otherwise. 

Z = R7°R6°R5°R4°R3°R2°RI°RO: Set if the result is zero; cleared 
otherwise. | | 

V=0O: Cleared. 


Cs Not affected. 


Addressing modes and CPU cycles 







Instruction code 





Addressing 
mode | 






Operand 
format 


DIRECT OIM #Imm,M 
~ INDEX OIM  #Imm,Disp,X 


Mnemonic 


oe 
omen 
ct ct 
ay 

Oo 
_ 
cr O 
oO 

oOo Ww 
Km OK 
ct OQ 
()) 
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inclusive OR / ora | 
Category Function 


Logical ACCX —— (ACCX) © (M) 
operation : 
Performs logical OR between the contents of ACCX 


and the contents of memory M, and stores the 


result into the ACCX. 


Effects on the condition codes | 


Not affected. 
: Not affected. 


cleared if not. 
R7°R6°R5°R4°R3°R2°R1°RO: Set if all the bits of the result 
are zero's; cleared otherwise. 


O: Cleared. 
Not affected. 





Addressing modes and CPU cycles 







Instruction code| Bytes 
of CPU | 


lst. 2nd 3rd instr.| Cycles 
byte | byte | byte} code 
IMMED ORA A #iImm 8A 


DIRECT ORA A M 9A 
EXTND ORA A M BA ML 
i 


Addressing 
mode 


Operand 
format 








Mnemonic 


H 

INDE ma 
IMMED ORA B #Imm CA 
DIRECT ORA BM 
EXTND ORA B M ML 
INDEX ORA B  Disp,X 
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92 





PuSH data onto stack / PsH | 


Transfer { (ACCX) 
SP — (SP) - 0001 


Pushes the contents of ACCX onto the stack indicated 


by the SP. The SP is decremented by one. 





Effects on the condition codes 





Not affected. 








Addressing modes and CPU cycles 


Addressing Operand 
Mnemonic format lst 2nd 3rd 
byte | byte | byte 
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PuSH indeX register onto stack PSHX 


Category Function 


Transfer { (IXL), SP —-— (SP) - 0001 
{| (IXH), SP -—— (SP) - 0001 





Pushes the contents of the IX onto the stack 


indicated by the SP. The SP is decremented by two. 





Effects on the condition codes 





Not affected. 





Addressing modes and CPU cycles © 














Instruction code 





Addressing 
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94 





PUL1 data from stack 


‘Category Function 


Transfer SP —— (SP) + 0001 
{ accx 





Increments the SP by one, and pulls ACCX from 
the stack. 


Effects on the condition codes 





: Not affected. 


Q SN BZA Ge 


Addressing modes and CPU cycles 


Addressing 
mode Mnemonic format lst 2nd 3rd 
byte | byte | byte 


Operand 





PUL 





PUL1 indeX register from stack PULX 
Category Function 


Transfer SP ~—— (SP) + 0001 ; | IXH 
SP —— (SP) + 0001 ; } IXL 


Increments the SP by one, and pulls the IX from 
the stack. 


The SP is incremented by two in total. 


Effects on the condition codes 


: Not affected. 


H 
L 
N 
7, 0 
V 
Cc 





Addressing modes and CPU cycles 










Instruction code 





Operand 
format 
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96 





ROtate Left ROL 


Category Function 


| 
| 
| 


Shift & 


rotation [¢]— | | 1 1 | | dy —([c] 
br Do 





Shifts the contents of ACCX or memory M by one bit 
to the left. The original value of bit C is moved 


into bO, and the original value bit b7 to the bit C. 


Effects on the condition codes 


Not affected. 
: Not affected. 


Set if the MSB of the result is "1"; cleared otherwise. 


Set if all bits of the result are 
zero! S; Cleared otherwise. 


N@C: Set if either N=l and C=0 or N=0 and C=1 after the 
instruction is executed; cleared otherwise. 
Note: The N anc C are those obtained after operation. 


M7: Set if the MSB of "1" before the instruction 
is executed; cleared otherwise. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format 





Instruction code 


lst 2nd 3rd 
byte byte byte 


CPU 
cycles 





Disp 


! 
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ROtate Right / ROR | 
Category Function 


Shift & 
rotation 





Shifts the contents of ACCX or memory M by one bit 
to the right. The original value of bit C is 


moved into bit 7 and the original value bit 0 to 


the bit C. 


Effects on the condition codes 





Not affected. 

: Not affected. 
R7: Set if the MSB of the result is "1"; cleared otherwise. 
R7-R6-R5-R4-R3°-R2-R1-RO: Set if the result is zero; cleared 
otherwise. 


N@C: Set if either N=l and C=0 or N=0 and C=1 after the 
instruction is executed; cleared otherwise. 

Note: The N and C are those obtained after operation. 

MO: Set if the LSB of ACCX or M is "1" before the instruction 


is executed; cleared otherwise. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
| byte | byte | byte 
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ReTurn from Interrupt 


Category Function 


Interrupt | SP (SP) 0001, } ec 
contort SP (SP) + 0001, | ACCB 
SP (SP) 0001, | ACCA 
SP (SP) 0001, | IXH 
SP (SP) + 0001, | IXL 
SP (SP) 0001, ! PCH 
SP (SP) + 0001, | PCL 
Pulls the CCR, ACCB, ACCA, IXH, IXL, PCH and from the 
stack sequentially with incrementing SP by one at 
a time. Note that I=0O results if the interrupt 


mask bit I of CCR having been saved in the stack 


is zero. 
Effects on the condition codes 


: Set or cleared according to the bit pulled from the stack. 


. 
i] 


Addressing modes and CPU cycles 


Instruction code 
Operand 


format 
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ReTurn from Subroutine RTS 


Category Function 


Subroutine SP —<——~ (SP) + 0001 
control 


| PCH 
SP =—=— (SP) + 0001 
| PcL 





Increments the SP by one and pulls the upper 
byte of the PC from the stack. Again increments 
the SP by one, and pulls the lower byte of the 
SP from the stack. 





Effects on the condition codes 


: Not affected. 


QO an Zw wa 


Addressing modes and Cpu cycles 


Instruction code 









CP 
Operand U 


format 





© HITACHI 
99 


100 


SuBtract Accumulators / spa | 
Category Function 


Arithmetic ACCA —— (ACCA) = (ACCB) 
operation 


Subtracts the contents of ACCB from those of ACCA, 


and stores the result into the ACCA. The contents 
of the ACCB remain unchanged. 





Effects on the condition codes 










Not affected. 
: Not affected. 


Set if the result's MSB is "1"; cleared otherwise. 


—_—w—e eee ee eee eee 


= R7°R6°R5°R4°R3°R2-RI-RO: Set if the result is zero; cleared 
otherwise. 
V = A7°B7*R7OA7°B7°R7: Set if the result overflows; eVéavea 
otherwise. | | 
C = A7°B7@B7°R7OR7°A7: Set if the absolute value of ACCB is 
greater than that of ACCA; cleared otherwise. 


N 2H & 
Hl 
aw 
“I 










Addressing modes and CPU cycles 


Operand 
Mnemonic format lst 2nd 3rd 
byte | byte} byte 







Addressing 


p20 | 
ae: 
ee ae) 
ee ee 
eee ee 
ee 
es ae 
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SuBtract with Carry SBC 
Category Function 


Arithmetic ACCX = (ACCX) -— (M) - (C) 
operation 





Subtracts the contents of memory M and the contents 





of bit C from those of ACCX, and stores the result 
into the ACCX. 





Effects on the condition codes 


Not affected. 
Not affected. 


R7: Set if the result's MSB is "1"; cleared otherwise. 
R7-R6°R5°-R4-R3-R2-RI°RO: Set if the result is zero; cleared 
otherwise. 

X7°M7*R7OX7*M7*R7: Set if the result overflows; 

cleared otherwise. 

X7-M7OM7-R7OR7°X7: Set if the absolute value of M contents 


plus C is greater than that of ACCX contents; cleared 
otherwise. 








Addressing modes and CPU cycles 


Addressing Operand 
mode Mnemonic format lst 2nd 3rd 
byte | byte} byte 


82 
a 
[azo | sec_e tinm | cz_| umm] | 2 | 2 
apa ~2 |] 3 
; ee ee ee 
z ak 





9 
B 
EXTND SBC B M F2 |! MH 
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SEt Carry SEC 


| Category Function 


Bit Bit Cc — ] 
control 


Sets the carry bit C of the CCR. 


| Effects on the condition codes 


Not affected. 








Addressing modes and CPU cycles | 


Instruction code 









Addressing Operand 


format 
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SEt Interrupt mask / ser | 


Category 


Function 


CO ee ee ee a a TS OE ER CE FS Se SS EE oe em ee See 


Bit Bit I — 1 
control | 


Sets the interrupt mask bit of the CCR. 
When the I bit is set, all maskable interrupts 





are inhibited. and the MPU will recognize only a Non- 
Maskable Interrupt (NMI) request. 





Effects on the condition codes 


H : Not affected. 
I=l: Set. 

N : Not affected. 
Zs ie 

Vi: " 

C3: * 


Addressing modes and CPU cycles 


Instruction code 
CPU 


cycles 


Addressing Operand 
mode format lst 2nd 3rd 
byte | byte | byte 





hy 


IMPL 





—k 
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SEt two's complement oVerflow bit SEV 


Category Function 


Bit Bit Vv = 1 
control 






Sets the overflow bit V of the CCR. 


Effects on the condition codes 





H : Not affected. 
Le - 

N : " 

Z 3: . 

V=l1l: Set 

C : Not affected. 


Addressing modes and CPU cycles 


ie : Instruction code 
Addressing Operand 


mode Mnemonic format lst 2nd 3rd 
= byte | byte | byte 
IMPL SEV 
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SLeeP SLP 


Category Function 

Low power Brings the CPU to a halt. All the internal register 
dissipatio ; : 
made states are held as they are. The timer, serial 


communication interface and interrupt control are 


not affected by this instruction. If a CPU inter- 





rupt request occurs, the SLEEP mode is released. 
After releasing, following instructions are executed 
when bit I has been set by a maskable interrupt. 


When bit I has not been set by either maskable or 
non-maskable interrupt, the MCU sets bit I and 
loads the interrupt vectoring address into the 


program counter to start execution. 





Effects on the condition codes 





Not affected. 





Addressing modes and CPU cycles 









Instruction code; Bytes 
of CPU 


lst 2nd 3rd instr.| Cycles 
byte | byte | byte| code 
tats . 







Addressing Operand 


format 








Mnemonic 
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STore Accumulator | : | STA 


Category Function 


Stores the contents of ACCX into the memory M. 
The contents of the ACCX remains unchanged. 


Effects on the condition codes 





: Not affected. 
: Not affected. 
Set if the MSB of ACCX is "1"; cleared otherwise. 


= X7°X6°X5°X4°X3°X2°X1°X0: Set if the contents of ACCX is zero; 
cleared otherwise. 

0: Cleared. 

C : Not affected. 


N 2H & 
u 
* 
~ 


< 
It 





enn re etn ME I OS I ne 


Addressing modes and CPU cycles 










Instruction code 
Addressing 
mode 


ee een ate meenerents arene 


DIRECT 
EXTND 

INDEX 
DIRECT | 
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Double STore accumulator A:B STD 


Category Function 


Ee Gc Re | INE Gees OS SN Ne eee ec mE Oe ON mappa 


Load & M:M+l —— (ACCD) 
store 


Stores the contents of ACCD into the memories M 
and Mtl. 


The contents of the ACCD remains unchanged. 





Effects on the condition codes 


Not affected. 

: Not affected. 

AB15: Set if the MSB of ACCD is "1"; cleared otherwise. 
AB15-AB14-AB13-> ....... -ABO: Set if the contents of ACCD 
is zero; cleared otherwise. 

V = 0: Cleared. 

C = Not affected. 


N 2 HS 
I! 


Addressing modes and Cpu cycles 














Instruction code 












Addressing Operand CPU 

mode Mnemonic lst | 2na | 3rd cycles 
byte | byte | byte 

DIRECT == 
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STore Stack pointer — | STS 


Category Function 


ar ene tere 6 me on | eee ete oe eee eee ee Fee ee ee + —_ ont RS en ens ae ne ne oe em RCS ce FR RR eS Aen <eeenncteeneEn 


Stack M —— (SPH) 


pointer 
control Mtl (SPL) 


Stores the upper byte of the SP into the memory M, 
and then the lower byte of the SP into the memory 


M+1. 


Effects on the condition codes 


Not affected. 
: Not affected. 
N = SPH7: Set if the MSB of the stack pointer is "1"; cleared 


4 
e 


otherwise. 


0 0 EE Ee ee ee S earieneeecanermsamecal 


Z >= (SPH7* SPH6* SPH5* SPH4* SPH3°SPH2°SPH1°SPHO) - (SPL7-SPL6-SPL5- 


stack pointer is zero; cleared otherwise. 
V= 0: Cleared. 
C : Not affected. 


Addressing modes and CPU cycles 








Instruction code 


lst 
byte | byte 
9 

















Operand 
format 


Addressing 
mode 






Mnemonic 
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STore indeX register STX 


Category Function 





Index M —=— #£=(IX#H) 
register 
control 


M+l -—— (IXL) 


Stores the upper byte of the IX into the memory M, 
then the lower byte of the IX into the memory Mtl. 





Effects on the condition codes 


: Not affected. 
Not affected. 


e 
ee 


N = IXH7: Set if the MSB of the index register is "1"; cleared 
otherwise. 


—— ee 0 emer 
—Cumnaee 0 eee 


—_—eEEEae 8 SAE 0 oreo 0 eee ee 


IXL4°*IXL3°IXL2°IXL1°IXLO): Set if the contents of the 


index register is zero; cleared otherwise. 
V= 0: Cleared. 
C : Not affected. 


Addressing modes and CPU cycles 





Instruction code 








Addressing Operand 
Mnemonic format 3rd 
byte 
DIRECT STX M 
STX M 
STX Disp,X 
@ HITACHI 
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SUBtract SUB 


Category | Function 


et es ee ee mee eee ee cere oe, = neers ween eenennnee: 
ae = aa 


Arithmetic ACCX =—=— (ACCX) - (M) 
operation 


Subtracts the contents of memory M from those of 


ACCX, and stores the result into the ACCX. 





Effects on the condition codes 


: Not affected. 
: Not affected. 


R7: Set if the result's MSB is "1"; cleared otherwise. 


= R7-R6°RS°R4°R3-R2°R1- RO: Set if the result's contents is zero; 
cleared otherwise. - a | 


N 2H 
ll 


V = X7-M7*R7@X7°M7-R7: Set if the result overflows; cleared 
otherwise. 
C = X7°-M7O0M7:R7OR7°X7: Set if the absolute value of memory 


contents is greater than that of ACCX contents; cleared 








otherwise. 
Addressing modes and CPU cycles 

re re _ Instruction code 
Addressing Operand 
mode Mnemonic format lst 2nd 3rd 

byte | byte | byte 

IMMED _ SUB A_ . 80 | Imm | 
DIRECT - SUB AD : : 
EXTND SUB A 
INDEX SUB A 
IMMED _ SUB B 
DIRECT SUB B 


EXTND SUB B | 
| INDEX SUB B i 
| © HITACHI 
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Double SUBtract without carry SUBD 


Category Function 


SE te 8 UE NO RN SS NS RS SAN oe A RE RS 


Arithmetic ACCD -—— (ACCD) - (M:M+1) 
operation 


Subtracts the contents of memories M: M+l from the 
contents of ACCD, and stores the result into the 


ACCD. 





Effects on the condition codes 


: Not affected. 

: Not affected. 

R15: Set if the Result's MSB is "1"; cleared otherwise. 

= RI5°R14-RI3- .......... *RO: Set if the result's contents 
is zero; cleared otherwise. 

V = D15-M15°R15-D15-M15-R15: Set if the result overflows; 

Cleared otherwise. 


N @ HA iS 
H 





C = D15°M15-M15-R15-R15-D15: Set if the absolute value of 
memory contents is greater than that of ACCD contents; 
cleared otherwise. 

Addressing modes and CPU cycles 

Addressing Operand CPU 

mode Mnemonic format 3rd cycles 

byte 

IMMED ImmL 3 

DIRECT 2 

EXTND ML 

INDEX 


| ae ae ee 
_ el Se a eee 
———— 

Lae 
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—, 


ok 
— 4 


SoftWare Interrupt 7 : oh Ge Swi 





Category Function 
Interrupt PC — (PC) + QOOL Increments PC by one and pushes 
control { (PCL), SP (SP) -0001 it onto the stack in the order 
of PCL, PCH, IXL, IXH, ACCA, 
{ (PCH), SP a. (SP) -0001 ACCB and CCR. The stack pointer 
IXL SP SP)- 1 SP is decremented by 1 after 
i yr ( ) Ne : each byte of data is stored on 
{(IXH), SP —— (SP)-0001 the stack. Concerning CCR, 
} (ACCA) ,SP — (SP) -0001 transfers bit 0O through bit 5 
as they are and bits b6 and b7 
} (ACCB),SP —— (SP)-0001 as being set. Then sets the 
{ (CC) ,SP pe (SP) -0001 interrupt mask bit I, and loads 


the contents of the memory 
highest-order address minus 5 
(SFFFA) and those minus 4 
i 1 (SFFFB) into the PC. 


PCH ~=*— (Highest-order address — 0005) 
PCL =< (Highest-order address - 0004) 





Effects on the condition codes 


H : Not affected. 
I=l1 : Set 
N : Not affected. 
Z, : iii 
V ° iT] 
Cc : " 
Addressing modes and CPU cycles 

ae | Instruction code Bytes 
Addressing Operand eu 
mode Mnemonic format 
IMPL SWI 
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Transfer from accumulator A to accumulator B / TAB | 
Category Function 


Transfer ACCB === #£=(ACCA) 






Transfers the contents of ACCA into ACCB. 
The contents of the ACCA remains unchanged. 








Effects on the condition codes 





Not affected. 
: Not affected. \ 

R7: Set if the MSB of ACCA is "1"; cleared otherwise. 

= R7-R6°-R5°-R4-R3°R2-R1°RO: Set if the contents of ACCA is 
zero; cleared otherwise. 

O: Cleared. 
Not affected. 







N 2H & 
It 





















Addressing modes and CPU cycles 





te 















Instruction code 


lst 2nd 3rd 
byte | byte | byte 










Addressing 
mode 


Operand 
format 






Mnemonic 
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Transfer from accumulator A to Processor condition codes register | TAP 


‘Category Function 


es oe ee | EE ee eS EE oe ee ce sea cane 


Transfer CC == (ACCA) 
76543 21 ~(0 


Li 
Hl ilNizivic| 


Carry- Borrow 
Over flow 
Zero 

Negative 
Interrupt Mask 
Half Carry 


Transfers bits O through 5 of ACCA to the corre- 
sponding bits of the CCR. The contents of the ACCA 
remains unchanged. 








Effects on the condition codes. 














H : Bit 5 of ACCA 
I : Bit 4 of ACCA 
N : Bit 3 of ACCA 
Z: Bit 2 of ACCA. 
V : Bit 1 of ACCA 
C : Bit 0 of ACCA 
Addressing modes and CPU cycles 
s _ ; | Instruction code 
Addressing Operand 
mode 3 Mnemonic | format | lst |} 2nd 
| | byte | byte 
IMPL se TAP ; 06 
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Transfer from accumulator B to accumulator A 


Category Function 


AS He me OS OR I ST yO Ht OO RL eee Me Ey mn I mem S| 





Transfer ACCA -—— #(ACCB) 


Transfers the contents of ACCB into ACCA. 
The contents of the ACCB remains unchanged. 


Effects on the condition codes 


H : Not affected. 

I : Not affected. 

N = R7: Set if the MSB of ACCB is "1"; cleared otherwise. 

Z = R7-R6-R5-R4-R3-R2-R1-RO: Set if the contents of ACCB 
is zero; cleared otherwise. 

v= 0: Cleared. 


C : Not affected. 


EE th A HW 


Addressing modes and CPU cycles 


Instruction code 


Addressing |. Operand . 
mode Mnemonic format lst 2nd 3rd 
: byte | byte} byte 


IMPL TBA 17 — 


te ee ES cae Sanat terty ay 


ere anne, nA A RE A EN ST HOS ts nee ee eed 





ak 
ol 





Test IMmediate TIM 


Logical IM °(M) 
‘operation 


Function 





ANDs the immediate data and the contents of memory M 
to change the condition codes. 

The contents of the CCR can be referenced by the 
following branch instruction. Both operands remain 


unchanged. 


Effects on the condition codes 


H : Not affected. 

I : Not affected. 

N= R7: Set if the result's MSB is "1"; cleared otherwise. 

Z = R7°RO°R5°R4°R3°R2°R1°RO: Set if the result is zero; cleared 
otherwise. 

V = Cleared. 


C : Not affected. 


Addressing modes and CPU cycles 


Addressing 
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Transfer from Processor condition codes register to accumulator A TPA 


Category Function 


EE a ET or ce 


Transfer ACCA == (CC) 





765 43 210 


Leb ea neces 


1 1 | 
creer eee eeeeeerenmnnn eee see 
l lali({Nizivici ce 


| | _ Carry- Borrow 
| Overflow 
Zero 


Negative 
Interrupt Mask 
Half Carry 


Transfers bits O through 5 of the CCR to the corre- 
sponding bits of ACCA. The contents of CCR remains 
unchanged. 


Effects on the condition codes 





: Not affected. 


Q dN 4uH iw 


Addressing modes and CPU cycles 


1st | 2na | 3rd 
byte | byte | byte 


Addressing Operand 
mode Mnemonic format 


=) 
~J 
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TeST TST 


Category Function 


TCL. TS LS RS Tete LI at mare SS Sn ar eenpnsre-sne 


Comparison (ACCA) - 00 
& test 


Sets bits N and Z of thé CCR according to the contents 


of ACCX or memory M. 





Effects on the condition codes 


H : Not affected. 

I : Not affected. | 

N : M7: Set if the MSB of ACCX or M is "1"; cleared otherwise. 

Z = M7-M6-M5-M4-M3-M2-M1-MO: Set if the contents of ACCX or M 
is zero; cleared otherwise. 

V= 0: Cleared. 

C = 0: Cleared. 










Addressing modes and CPU cycles 


Instruction code 






Addressing 
mode 


ACCX 
ACCX 


Operand 
format 






Mnemonic 






Transfer from Stack pointer to indeX register TSX 
Category Function | 


Transfer IX —<-—— (SP) + 0001 


Increments the contents of the SP by one, and loads 





it into the IX. The contents of the SP remain 


unchanged. 


Effects on the condition codes 


H Not affected. 
rs n 
N : ” 
Z, : t 
Weis " 
Cus _ 
Addressing modes and CPU cycles 

Instruction code} Bytes 
Addressing | Operand of CPU 
mode Mnemonic format lst 2nd 3ra instr.| Cycles 

byte | byte | byte; code 

IMPL TSX | 


eS ee EE eee ee eS Oe EE ES Ae SE I ED NY SNCS 





a ae ete = ee nr a | ANN SRE A 
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ook, 


= 
ice) 


Transfer from indeX register to Stack pointer TXS 


Category 


Transfer 





Function 


EES SS OSS NS RS Ae 


SP = (IX) - 0001 


Decrements the contents of the IX by one, and loads 
it into the SP. The contents of the IX remain 


unchanged. 


Effects on the condition codes — 


: Not affected. 


Q Gq N 2 HH 


Addressing 
mode 
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Addressing modes and CPU cycles 





Instruction code 


Operand CPU 
Mnemonic format cycles 
— Se ol 
TXS 1 


@ HITACHI 


WAit for Interrupt WAIL 


Category Function 


Interrupt (PC) + 0001 Increments PC by one and pushes 

control it onto the stack in the order 
| (PCL) , SP (SP) -0001 of PCL, PCH, IXL, IXH, ACCA, 

{ (PCH) ,SP —— (SP)-0001 ACCB and CCR. 


{ (IXL),SP —- (SP)-0001 The SP is decremented by 

1 after each byte of data is 
{ (IXH) ,SP (SP)-0001 pushed onto the stack. 
1 (ACCA) , SP (SP) -0001 Concerning CCR, transfers bits 0 
{ (ACCB) ,SP —— (SP)-0001 through 5 as they are and bits 6 
4(CC),SP —— (SP)-0001 and 7 as being set. 





The program execution stops 
temporarily until interrupt from 
a peripheral device occurs. 
If bit I is a O before an interrupt occurs, the following 
processings takes place when the interrupt has occurred. That 
is: sets bit I; and loads the interrupt vectoring address to 
the PC. | 


Effects on the condition codes 





: Not affected. 


Not affected until an interrupt occurs and set if bit Iisa 


Hi 
ee 


0 when the interrupt has occurred. 






N : Not affected. 
7, : iT] 
V3: " 
C4 " 
Addressing modes and CPU cycles 
Instruction code 
Addressing | Operand 
mode Mnemonic format lst 2nd 3ra 
byte | byte | byte 
IMPL 





121 


122 


eXchanGe accD and ix XGDX 
Category Function 


Exchange IX sm ACCD 
Exchanges the contetns of IX with those of ACCD. — 


| Effects on the condition codes 





: Not affected. 


Aa tn BH Rm 





Addressing modes and CPU cycles 








Instruction code 
Operand 


format lst 2nd 3rd 
byte | byte | byte 
18 





Addressing 


mode Mnemonic 


HD6301 /HD6303 SERIES HANDBOOK 





Section Three 


HD6301V1/HD6303R 
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'tNotice on HD6301V1'' 


The HD6301V0 (including A and B version) was 
upgraded to the HD6301V1 series in early 1983. 

The spec. deviation between the HD6301V0 series and the 
HD6301V1 series is as follows. Please refer to the data 
sheet for detailed spec. of the HD6301V1 series. 


Table. Spec. Deviation between the 
HD6301V0 and the HD6301V1 


Mode 2 : Not defined | Mode 2 ; Expanded Multi- 
plexed Mode | 
(equivalent to 
Mode 4) : 

Mode 3 : Not defined | Mode 3 ; Not defined 


Operating Mode 


The electrical cha- The 2MHzZ version is 
racteristics of guaranteed. 
2MHz version 
(B version) are 
not specified. 


Electrical 
Characteristics 





Has problem in output 
compare function. 
(Can be avoided by 
software. ) 





Timer Fixed 
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HD6303R1l 
GND Noise camel npee ves HD63P01M1 


Di es : , 


reduced ‘by 
33%. 





If load capacitance in each data 
line and GND impedance are 
large, noise may appear on 
address bus during MCU write 
cycle and data won't be written 
into RAM correctly. The noise 
is caused by GND impedance 
which becomes large when large 
transient current flows into 
GND at High to Low transition of 
data line. 


HD 6301V1 4HD6303R 
HD6 3PO1ML HD6303R1 


When framing error occurs, Receive data is 
receive data is not transferred from 
transferred from the Receive Shift 
Receive Shift Register to Register to RDR 
Receive Data Register (RDR).]even if framing 
error occurs. 


fi} 


Receive Shift 
Register 





‘Notice on HD6303R” 
The HD6303R is the same die as the HD6301V1. The on-chip Mask ROM is disabled by mask option; Therefore not all modes of 
operation are available on the HD6303R. Please note that wherever HD6301V1 is referenced, the information also applies to the 
HD6303R. 


“Notice on HD6303R1” 


The HD6303R has been upgraded to HD6303R1. Refer to the following figures for differences between the devices. All other 
characteristics remain the same. 
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1. OVERVIEW 


1.1 Features of HD6301V1 


The 


Lee 


HD6301V1 provides the following features: 


Expanded instruction set of the HD6801 family 

Abundant on-chip functions compatible with the HD6801 
family: 4k-byte of ROM, 128-byte of RAM, 29 parallel 
I/O Lines, 2 data strobe Lines, 16-bit timer, serial 
communication interface 

Low power consumption mode: sleep/standby mode 
Minimum instruction execution time: lus (f£ = 1MHz), 
0.67us (£=1.5MHz), O0.5us (£=2MHz) 

Bit manipulation and bit test instruction 

Error detection: Address trap and operation code trap 
Address space up to 65k words 

Wide operation range: Vcc = 3 to 6V (f = 0.1 v O.5MHz), 
£ = 0.1 to 2.0MHZ (Vac = 5V + 108) | 

TTL compatible input/output 


Block Diagram 


A block diagram of HD6301Vl is given in Fig. 1-2-1 


128x8 4kx8 
RAM ROM 





Fig. 1-2-1 Block Diagram of HD6301V1 
© HITACHI 


1.3 Functional Pin Description 


Table 1-3-1 lists the pin functions. Refer to "2. INTERNAL 
ARCHITECTURE AND OPERATIONS" for more details. 


Table 1-3-1 Pin Functions 


Vcc, Veg | Power supply and GND pins 


Crystal connection pin. When external clock is used, input it to 
EXTAL, and XTAL should be open. 


Reset input pin. When this pin is in "Low" state, MCU is set to 
reset state. 


Standby input pin. When this pin is in "Low" state, MCU is set 
to standby state. 


Nonmaskable interrupt input pin for edge detection (Negative 
edge). 


Interrupt input pin for level detection (Active Low) 


System clock output pin. The frequency is 1/4 of the crystal 
oscillator frequency. 


Po )/TIN 5-bit I/O port Timer input-capture input pin 
P,,/TOUT Timer output-compare output pin 
P»2/SCLK SCI clock I/O port 


Po 3/RX SCI receiving pin 
Po,/TX SCI transmitting pin 


Following pins function depending on each operation mode 


[iY Moe 0,274 Node 7 


8-bit Lower address] 8-bit 
POs i [2/0 port (AovA7) __ | 1/0 port , ee 
Data (DoD7) Data (Do%D7) 
Lower address Hata Bus Lower address 
PORT. .3 (AovA7) DavD Sa (AovA7) 
Multiplexed ore Multiplexed 
Bus Bus 
Lower address;Upper address 
Upper address (Ao 
ovA7) or (AgvAis) or 
Fontes (AgvAis) Input-only Input-only 
pin pin 


Address strobe I/O strobe Address strobe|Input strobe 

sc, (AS) output (IOS) output (AS) output (IS3) output 
pin pin pin pin 

es Output strobe 

SC, pA (OS3) output 





R/W) output 
a pin 
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2. INTERNAL ARCHITECTURE AND OPERATIONS 


This section describes the internal architecture of the 
HD6301V1 and its operation. 


2.1 Mode Selection 


After the MCU is reset, a user must determine the operation 
mode of the HD6301V1 by strapping three pins 8, 9 and 
10 which are connected by hardware externally. These 


pins correspond to Poo, Pot and Poo respectively. 


Individual Signals on the above three pins are latched 
and loaded into the program control bits PCO, PCl and PC2, 
the most significant three bits of I/O port 2 register, 
when the RES signal goes "High". The bit assignment of 
the port 2 data register is shown below. 


Port 2 Data Register 


7 6 5 4 3 2 ou 0 


An example of an external hardware for mode selection is 
shown in Fig. 2-l-l. The HD14053B may be used to separate 
the MCU from its peripheral devices during reset (Data 


$0003 


confliction should be avoided between the peripheral devices 
and mode generator circuit). Because bits 5, 6 and 7 of 
port 2 are for read only, so the operation mode cannot be 
altered by software. The mode selection in the HD6301V1 is 
summarized in Table 2-1-L. 


The HD6301V1 has three basic Operation modes: 


1) Single chip mode 


2) Expanded multiplexed mode 
(Compatible Bus with HMCS6800 peripheral LSIs) | 


3) Expanded non-multiplexed mode 
(Compatible Bus with HMCS6800 peripheral LSIs) 


© HITACHI 
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Truth Table 


— Control Input 
- . On Switch 


iene Binary to 1-of-2 


Decoder with Inhibit 
oe A 4 
Converter este /c {BA HD14053B 





HD14053B Multiplexers/De-Multiplexers 


RES 
HD6301TV1 


P,, (PCO) 
P,, (PC1) 
P,, (PC2) 


HD14053B 


Note 1) Figure of Mode 7 
2) RC~Reset Constant 
3) R,=10k2 


Switch 





Fig. 2-1-1 Recommended Circuit for Mode Selection 
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Teo fw fw Pt || MUX | MultbiexeiPortit Decode 


Table 2-1-1 Mode Selection Summary 


Po» Poy P20 RAM Interrupt Bus Operating 
‘(PC2) (PC1) (PCO) Vectors Mode Mode 
pat we | ow Pe | | tI single coin | 











a 
a 
X 






Soe on >> ae 
| E | Mux | Multiplexed/RAM 
Te [Mux | Nonttteed 
a 





LEGEND: (NOTES) 
1 — Internal 1) Internal ROM is disabled. 
E — External © 2) Reset vector is external for 3 or 4 cycles after 
MUX — Multiplexed RES goes “‘high”’. 
NMUX —Non-Multiplexed 3) Idle lines of Port 4 address outputs can 
L — Logic “0” be assigned to Input Port. . 
H — Logic “1” 4) Not available on HD6303R or HD6303R1 


(1) 


(2) 


Single Chip Mode 


In the Single Chip Mode, all ports will become I/O. This 
is shown in figure 2-1-2. In this mode, SCi, SC2 pins are 
configured for control lines of Port 3 and can be used as 
input strobe (IS3) and output strobe (083) for handshaking 
data. 


Expanded Multiplexed Mode 


In this mode, Port 4 is configured for I/O (inputs only) 
or address lines. The data bus and the lower order address 
bus are multiplexed in Port 3 and can be separated by an 


output called Address Strobe. 


Port 2 is configured for 5 parallel I/O or Serial I/O, or 
Timer, or any combination thereof. Port 1 is configured 
for 8 parallel I/O. In this mode HD6301V1 is expandable 
to 65k words (See Fig. 2-1-3). 

Since the data bus is multiplexed with the lower order 
address bus in Port 3 in the expanded multiplexed mode, 
address bits must be latched outside. 74LS373 (Octal- 

D type transparent latches) is required for address latch. 


Latch connection of the HD6301V1 is shown in Fig. 2-1-4. 
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> Enable 


Port 1 
8 1/0 Lines 8 1/0 Lines 


Port 3 
1/0 Strobes 





Port 4 | Port 2 
8 1/0 Lines ] 5 1/O Lines 


SCI 
Timer 


HD6301V1 
MCU 


8 Lines 
8 1/O Lines | Multiplexed 
Data/Address 
Address Strobe 


pores Port 4 


5 1/O Lines To 8 Address 

ae! ; \ Lines or To 

Timer J, 81/0 Lines 
(Inputs Only) 





Fig. 2-1-3 HD6301V1 MCU Expanded Multiplexed Mode 
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Port 3 Address: Ag ~ Az Function Table 


Address/Data 
Output Enable 
Control 


L 
L 
L 
H 


Data: Do ~D, 





Fig. 2-1-4 Latch Connection 


(3) Expanded Non Multiplexed Mode 


In this mode, the HD6301V1l can directly address HMCS6800 
peripherals with no address latch. In mode 5, Port 3 be- 
comes a data bus. Port 4 becomes A, to A; address bus or 
partial address bus and I/O (inputs only). Port 2 is con- 
figured for a parallel I/O, Serial I/O, Timer or any 
combination. Port 1 is configured as a parallel I/O 


only. 


In this mode, HD6301Vl is expandable to 256 locations. [In 
the application system with fewer addresses, idle pins of 
Port 4 can be used as I/O lines (inputs only) (See Fig. 
2-1-5). 


In mode 1, Port 3 becomes a data bus and Port 1 becomes 

A) to A, address bus, and Port 4 becomes Ag to A,s5 address 
bus. Port 2 is configured for a parallel I/O, Serial I/O, 
Timer or any combination. In this mode, the HD6301V1 is 
expandable to 65k words with no address latch. (See Fig. 
22125). 
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Port 1 M Port 3 a 


B Parallel ysO SDatanbines To 8 Address Lines 8 Data Lines 


Port 2 Port 4 Port 2 

5 Parallel 1/0 To 8 Address 5 Parallel 1/O 

Sci Lines or To SCl 

Timer 8 1/O Lines Timer 
(Inputs Only) 


Port 4 
To 8 Address 
Lines 





(a) Mode 5 (b) Mode 1 





Fig. 2-1-5 HD6301V1 MCU Expanded Non Multiplexed Mode 


(4) Mode and Port Summary MCU Signal Description 


This section gives a description of the MCU signals for 
the various modes. SC, and SC») are signals which vary 


with the chip mode. 


Table 2-1-2 Feature of each mode and Lines 


PORT 1 PORT 2 PORT 3 PORT 4 SC 
Eight Lines | Five Lines Eight Lines Eight Lines 


SINGLE CHIP 1/0 a a 1S3 0S3 


IS3 
ADDRESS BUS 
(Ao ~ A7) ADDRESS BUS°* 
EXPANDED MUX Berges Naar ae ASs(O) | R/AWO) 
(Do ~ Dz) 


DATA BUS | ADDRESS BUS* 
(Do~ D>) (Ao~ Ar) ee 
NON-MUX i DAL Anca | NenUsed | RANG} 


*These lines can be substituted for I/0 (Input Only) starting with the MSB 
(except Mode 0, 2, 4). When they are not used as address lines. 





Input iS3 


| = IS3_ = Input Strobe sc = Strobe Control 
O = Output OS3 = Output Strobe AS = Address Strobe 
R/W = Read/Write IOS = 1/O Select 


2.2 Memory Map 


The MCU can address up to 65k bytes depending on the 
operating mode. Fig. 2-2-1 shows a memory map for each 
operating mode. The first 32 locations of each map are 
for the MCU's internal register only, as shown in Table 
2-2-1. 
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Table 2-2-1 Internal Register Area 
R/W*4/Initialize at RESET 
acares| 71 6] s[ 4 [2 [2 [1 [o 


Port 1 Data Direction Register $00"! 


Register 


Port 2 Data Direction Register $01 


“ 
jon) 
Se 


R/W *5 
Undefined 
R/W *5 
Undefined 


A 
eS 
fem) 


HA 
fan) 
ine) 

5 
— 


Port 1 Data Register 


po] 


“0 
dD 
wd 
~o 

ft 
~ 

+ 

fo>) 


Port 2 Data Register/Mode Register $03 


Port 3 Data Direction Register $04* 


aaa 
fom) 
oO 


Port 4 Data Direction Register $05" 


$00 
R/W *9 
: Undef ined 
R/W *9 
Undefined e. 


a [aval ee 
pop ofo pope 


Port 3 Data Register $06*2 


fF 

© 

NS 
bs 
Ww 


Port 4 Data Register 


Timer Control] and Status Register . $08 





Transmit/Receive Control and $1] 
Status Register 


Po) 
~™ 
= 
po) 
~ 
= 
po) 
~™ 
= 
FO 
~s 
= 
~ 
~~ 
= 


Receive Data Register $12 


R/W 
Tae oe ie ee 
gn by | $00 
R/W 
Counter (Low Byte) $OA / 
| $00 
— i. W 
Output Compare Register (High Byte) $0B 
| | R/W 
‘eidteccitarpabedels kad SN TSR 
Input Capture Register (High Byte) $0D a = 
| aoe : 
Port 3 Control and Status Regist $0F*2 LR [Mise] 87M] 7 aie 
or ontrol an atus Register : 
i | he 0 EO Pate: 3 
Rate and Mode Control Register $10 | Unused WW WW 
Fl} ojo] oe | 


oo 
= 1c 
a) 


Transmit Data Register $13 


RAM Control Register $14 
. ae 


~ Reserved 





(*]1 through 8 are shown in the next page.) 
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*1 
*2 


=3 
*4 


*5 


*6 


a) 





External address in mode l. 

External address in modes O, 1, 2, 4, 5, 6; cannot be accessed 
in mode 5. 

External address in modes O, 1, 2, 4. 

R : Read-only register, W : Write-only register, 

R/W : Read/Write register. 

The pin state is read instead of the data of the register when 
reading Ports. (Refer to "2.4 I/O Ports" for I/O Port 3.) 

The values of program control bit (PCo © PC2) depend on 

Poo © Po, Guring reset. 


Refer to "2.12 Low Power Consumption Mode" for standby mode. 


HD6301V1 HD6301¥1 
Mode Mode 
Multiplexed Test mode Non-Multiplexed 


$0000!) Y $0000 | 
fy Internal Registers internal Registers 
$001F a $001F ) 
Pe a external: Memory sere External Memory Space 


Internal RAM Internal RAM 


External Memory Space 


External Memory Space 





[NOTES] [NOTE] 
1) Excludes the following addresses which may be Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and $OF. used externally; $00, $02, $04, $05, $06, $07 
2) Addresses $F FFE and $FFFF are considered and SOF. 
external if accessed within 3 or 4 cycles after a 
positive edge of RES and internal at all other times. 
After 3 or 4 MPU cycles, there must be no overlapping 
of internal and external memory spaces to avoid 
driving the data bus with more than one device. 
This mode is the only mode which is used for 
testing. 


(to be continued) 
Fig. 2-2-1 HD6301V1 Memory Maps 
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HD6301V1 HD6301V1 
Mode Mode FA | 


HD6301V1 = 
Mode 


Multiplexed/RAM Non-Multiplexed/Partial Decode 


rr 


V/ oa 


External Memory Space 





$0000 
Internal Registers Internal Registers 


$001F $001F 





External Memory Space Unusable 


SO1FF 


Unusable 
External Memory Space 


Internal ROM 


SFFFF 
SFFEF 


[NOTE] Excludes the following address which 
may be used externally; $04, $05, $06, 
$07, SOF. ; 


[NOTE] Excludes $04, $06, SOF. 
- These address cannot be used 
externally. 





(to be continued) 


Fig. 2-2-1 HD6301V1 Memory Maps 
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HD6301V1 HD6301V1 
Mode SB Mode / 


Multiplexed/Partial Decode Single Chip 


$0000 YY Internal Registers aa WMA Internal Registers 


$001F 
External Memory Space Unusable 


: E $0080 
0080 Uy Internal RAM | Internal RAM 
$OOF F Li 


SOOF F 





External Memory Space Unusable 


Yy 


SEFFF 


[NOTE] 
Excludes the following address which may be 
used externally: $04, $06, SOF. 





Fig. 2-2-] HD6301V1 Memory Maps 
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2.3 Registers 


The followings describe the HD6301V1 internal architectures and 
operations. 


(1) 


(2) 


(3) 


(4) 


8-Bit Accumulators A and B 


Or 16-Bit Double Accumulator D 


Index Register (X) 


Stack Pointer (SP) 


Program Counter (PC) 


Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 





Fig. 2-3-1] Registers of HD6301V1 
Accumulators (A & B, or D) 


Two 8-bit registers (ACCA and ACCB) that store the, 
result of arithmetic/logical operation and data. When 
combined, they make up a 16-bit register (ACCD) used 
for 16-bit operations. Note that the contents of ACCA 


and ACCB are destroyed after an ACCD-based operation. 


Index Register (1X) 


A 16-bit register that stores either 16-bit data intended 
for use.in indexed addressing mode or ordinary 16-bit 
data. | 


Stack Pointer (SP) 


A 16-bit register whose contents indicate the address of 
a stack operation. This may be used also as a register 
for ordinary 16-bit data. 


Program Counter (PC) 


A 16-bit register whose contents indicate the address of 
the program being currently executed. Note that software 


cannot access to this register. 
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(5) Condition Code Register (CCR) 


A register consisting of the following bits: carry (C), 
overflow (V), zero (Z), negative (N), interrupt mask (I), 
and half-carry (H). After an instruction is executed, 
these bits change its states depending on the result of 
operation and are tested by different conditional branch 
instructions. The upper 2 bits of this register cannot 
be used. Individual bits are detailed below. Refer to 
the following description of each instruction for more 


details. 


(a) Half-carry (H) 


This bit is set to "1" if a carry from bit 3 to bit 4 
occurs during execution of an ADD, ABA or ADC instruction; 


it is cleared if no carry takes place. 

(b) Interrupt mask (T) 
When set at "1", this bit disables any maskable inter- 
rupt (IRQ,, IRQ>2). 

(c) Negative (N) 


After an instruction is executed, this bit is set to 
"1" if the MSB as the result of operation is "1"; it is 
cleared if the MSB is "O". | 


(a) Zero (2) 


After an instruction is executed, this bit is set to 
"1" if the result of operation is "0"; otherwise, it is 


cleared. 


(e) Overflow (V) 


After an instruction is executed, this bit is set if 
the result of operation shows a 2's complement overflow; 


it is cleared if no overflow occurs. 


(f) Carry (C) 


After an instruction is executed, this bit is set to 
"1" if a carry or a borrow generates from MSB; it is 


cleared in any other case. 
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2.4 I/0 Ports 


There are four I/O ports on HD6301V1 MCU (three 8-bit ports 
and one 5-bit port). 2 control pins are connected to one of 
the 8-bit port. Each port has an independent write-only data 
direction register to program individual I/O pins for input 


or output.* 


When the bit of associated Data Direction Register is "1", 
I/O pin is programmed for output, if "0", then programmed for 


an input. 


There are four ports; Port 1, Port 2, Port 3, and Port 4. 
Addresses of each port and associated Data Direction Register 


are shown in Table rn a ae 


* Only one exception is bit 1 of Port 2 which becomes either 
a data input or a timer output. It cannot be used as an 


output port. 


Table 2-4-1 Port and Data Direction Register Addresses 


Data Direction 
Port Address Register Address 


$0002 $0000 






(1) I/O Port 1 


This is an 8-bit port, each bit being defined individually 
as inputs or outputs by associated Data Direction Register. 
The 8-bit output buffers have three-state capability, 
Maintaining in high impedance state when they are used for 
input. In order to be read accurately, the voltage on the 
input lines must be more than 2.0V for logic "1" and less 
than 0.8V for logic "0". 


These are TTL compatible. After the MCU has been reset, 
all I/O lines are configured as inputs in all modes except 
mode 1. In all modes other than expanded non multiplexed 
mode 1, Port 1 is always parallel I/O. In mode 1, Port l 
will be output line for lower order address lines 

(Ay to Az). 
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(2) 


(3) 


I/O Port 2 


This port has five lines, whose I/O direction depends on 
its data direction register. The 5-bit output buffers 
have three-state capability, going high impedance state 
when used as inputs. In order to be read accurately, the 
voltage on the input pins must be more than 2.0V for 

logic "1" and less than 0.8V for logic "0". After the 
MCU has been reset, I/O pins are configured as inputs. 
These pins on Port 2 (pins 10, 9, 8 of the chip) are used 
to program the operating mode during reset. The values of 
these three pins during reset are latched into the upper 3 
bits (bit 7, 6 and 5). Refer to "2.1 Mode Selection" for 


more details. 


In all modes, Port 2 can be configured as I/O lines. This 
port also provides access to the Serial I/O and the Timer. 
However, note that bit 1 (P2;) is the only pin restricted 


to data input or Timer output. 


I/O Port 3 


This is an 8-bit port which can be configured as I/O lines, 
a data bus, or an address bus multiplexed with data bus. 

Its function depends on hardware operation mode programmed 
by the user using 3 bits of Port 2 during Reset. Port 3 

as a data bus is bi-directional. For an input from 
peripherals, regular TTL level must be supplied, that is 
greater than 2.0V for a logic "1" and less than 0.8V for 

a logic "0". This TTL compatible three-state buffer can 
drive one TTL load and 90pF capacitance. In the expanded 
Modes, data direction register will be inhibited after Reset 
and data flow will be dependent on the state of the R/W signal. 
Function of Port 3 for each mode is explained below. 


Single Chip Mode (Mode 7): Parallel Inputs/Outputs as 


programmed by its corresponding Data Direction Register. 


There are two control lines associated with this port in 
this mode, an input strobe (1IS3) and an output strobe 


(OS3), both being used for handshaking. They are 
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controlled by I/O Port 3 Control/Status Register. 
Additional 3 characteristics of Port 3 are summarized as 


follows: 


(1) Port 3 input data can be latched using IS3 (SC;) 


as a control signal. 


(2) 0OS3 (SC5) can be generated by MPU read or write to 


Port 3's data register. 


(3) IRQ; interrupt can be generated by an IS3 falling 
edge. 


Port 3 strobe and latch timings are shown in Figs. 5-5 and 


5-6, respectively. 


I/O Port 3 Control/Status Register 


7 6 5 4 3 2 1 0 
i$3 LATCH 
i$3 iRQi 
SOOOF | FLAG [ENABLE ENABLE 
Bit O Not used. 
Bit. © Noe weed: \ 


Bit 2 Not used. 


Bit 3 LATCH ENABLE. 


Bit 3 is used to control the input latch of Port 3. If 
the bit is set to "1", the input data on Port 3 is latched 
by the falling edge of IS3. The latch is cleared by the 
MCU read to Port 3; it can be latched again. Bit 3 


is cleared by a reset. 


Bit 4 OSS (Output Strobe Select) 

This bit identifies the cause of output strobe generation: 
a write operation or read operation to I/O Port 3. When 
the bit is cleared, the strobe will be generated by a read 
operation to Port 3. When the bit is not cleared, the 
strobe will be generated by a write operation. Bit 4 is 


cleared by reset. 

Bit 5 Not used. 

Bit 6 IS3 ENABLE. 

If the IS3 flag (bit 7) is set with bit 6 set, an interrupt 
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(4) 


is enabled. Clearing the flag causes the interrupt to be 


disabled. The bit is cleared by reset. 


Bit 7 IS3 FLAG. 

Bit 7 is a read-only bit which is set by the falling edge 
of IS3 (SC,). It is cleared by a read of the Control/ 
Status Register followed by a read/write of I/O Port 3. 


The bit is cleared by reset. 


Expanded Non Multiplexed Mode (mode 1, 5) 
In this mode, Port 3 becomes the data bus. (Do to D7) 


Expanded Multiplexed Mode (mode 0, 2, 4, 6) 
Port 3 becomes both the data bus (Dy) v% D7) and lower 8 
bits of the address bus (Ap v Az). An address strobe 


output is "High" when the address is on the port. 


I/O Port 4 


This is an 8-bit port that becomes either I/O or address 
output depending on the operation mode selected. In order 
to be read accurately, the voltage at the input lines must 
be greater than 2.0V for a logic "1", and less than 0.8V 
for a logic "0". For outputs, each line is TTL compatible 
and can drive one TTL load and 90pF capacitance. After 
reset, this port becomes inputs. To use these pins as 


addresses, they should be programmed as outputs. 


Function of Port 4 for each mode is explained below. 


Single Chip Mode (Mode 7): Parallel Inputs/Outputs as 


programmed by its associated data direction register. 


Expanded Non Multiplexed Mode (Mode 5): In this mode, 
Port 4 becomes the lower address lines (Ay) to A7) by 
writing "1"s on the data direction register. 

When all of the eight bits are not required as addresses, 


the remaining lines can be used as I/O lines (Inputs only). 


Expanded Non Multiplexed Mode (Mode 1): In this mode, 


Port 4 becomes output for upper order address lines (As 


to Ais). 
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Expanded Multiplexed Mode (Mode 0, 2, 4): In this mode, 
Port 4 becomes output for upper order address lines (Ag 


to Ais) regardless of the value of data direction register. 


The relation between each mode and I/O port 1 to 4 is 


summarized in Table 2-1-2. 


2.5 Programmable Timer 


The HD6301Vl provides 16-bit programmable timer which can 
measure input waveform and generate an output waveform. 
The pulse width of both input/output may vary from micro- 
seconds to seconds. 


microseconds to many seconds. 


The timer hardware consists of 
* an 8-bit control and status register 
* a 16-bit free running counter 
* a 16-bit output compare register, and 


* a 16-bit input capture register 


A block diagram of the timer is shown in Figure 2-5-1. 


HD6301V1 Internal Bus 


Free Running 
16-Bit Counter 


Output Computer Pulse 





Fig. 2-5-1 Programmable Timer Block Diagram 
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(1) Free Running Counter ($0009:000A) 


The key timer element is a 16-bit free running counter, 
that is driven by an E (Enable) clock to increment its 
values. The counter value is readable by the MPU soft- 
ware at any time with no effects on the counter. The 
counter is cleared during reset. 

When writing to the upper byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to 
the lower byte ($0A) after the upper byte writing, the 
CPU writes not only the lower byte data into lower 8 bit, 
but also the upper byte data into higher 8 bit of the FRC. 





The counter value written to the counter using the double 


store instruction is shown in Figure 2-5-2. 


$09 Write | $0A Write 


E 


Counter |. $FFF8 $5AF3 


($5AF3 written to the counter) 





Fig. 2-5-2 Counter Write Timing 


* To write to the counter can disturb serial opera- 
tions, so it should be inhibited during using the 
scl. 

(2) Output Compare Register ($00CB:$000C) 


This is a 16-bit read/write register which is used to 
control an output waveform. The data of this register is 


constantly compared with the free running counter. 


When the data matches, a flag (OCF) in the timer control/ 
status register (TCSR) is set and the current value of an 
output level Bit (OLVL) in the TCSR is transferred to Port 
2 bit 1. When bit 1 of the Port 2 data direction register 
is "1" (output) the OLVL value will appear on the bit 1 of 
Port 2. Then, the value of Output Compare Register and 
Output level bit should be changed to control an output 


level again on the next compare values. 
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The output compare register is set to $FFFF during reset. 
The compare function is inhibited at the cycle of writing 
to the upper bytes of the output compare register and at 
the cycle just after that. It is also inhibited in same 


Manner at the cycle of writing to the free running counter. 


* For the data write to The OCR (Output Compare Register), 


2-byte transfer instructions such as STD, STX are available. 


(3) Input Capture Register ($000D:$000E) 


(4) 


The input capture register is a 16-bit read-only register 
used to store the FRC's value obtained when the proper 


transition of an external input signal occurs. 


The input transition change required to trigger the 
counter transfer is controlled by the input Edge bit 
(IEDG). 


To allow the external input signal to gate in the edge 
detector, the bit of the Data Direction Register 
corresponding to bit 0 of Port 2 must have been cleared 


(to zero). 


To insure input capture in all cases, the width of an 


input pulse requires at least 2 Enable cycles. 


Timer Control/Status Register (TCSR) ($0008) 


This is an 8-bit register. All 8 bits are readable and 
the lower 5 bits may be written. The upper 3 bits are 


read-only, indicating the timer status information below. 


(a) Defined transition of the timer input signal 
causes the counter to transfer its data to the 
ICR. | 


(b) A match has been found between the value in the free 


running counter and the output compare register (OCF). 


(c) The counter value reached to $0000 as a result of 


counting-up (TOF). 


Each flag may contain an individual enable bit in TCSR 


which controls whether or not an interrupt request may be 
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output to internal interrupt signal (IRQ2). If the I-bit 
in Condition Code Register has been cleared, a priority 
vectored address occurs corresponding to each flag being 


set. Each bit is described as follows. 


Timer Control/Status Register 
7 6 5 4 3 2 1 0 


Bit 0 OLVL (Output Level); When a match is found in the 
value between the counter and the output compare 
register, this bit is transferred to the Port 2 bit l. 
If the DDR corresponding to Port 2 bit l is set to "1", 
the value will appear on the output pin of Port 2 
bit l. 


Bit 1 IEDG (Input Edge); This bit control which transition 
of an input of Port 2 bit 0 will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be cleared in advance of using this function. 

When IEDG = 0, trigger takes place on a falling 
edge ("High"-to-"Low" transition). When IEDG = l, 
trigger takes place on a rising edge ("Low"-to- 


"High" transition). 


Bit 2 ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the inter- 
rupt request (IRQ2) but when cleared, the interrupt is 
inhibited. 


Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2), when cleared, the interrupt 


is inhibited. 
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Bit 4 EICI (Enable Input Capture Interrupt); When set, 
this bit enables ICF interrupt to generate the 
interrupt reguest (IRQ2) but when cleared, the inter- 


rupt is inhibited. 


Bit 5 TOF (Timer Overflow Flag); This read-only bit is 
set*when the counter value is $0000. It is cleared 
by CPU read of TCSR (with TOF set) followed by an CPU 
read of the counter ($0009). 


Bit 6 OCF (Output Compare Flag); This read-only bit is 
set when a match is found in the value between the 
output compare register and the counter. It is clear- 
ed by a read of TCSR (with OCF set) followed by an CPU 
write to the output compare register ($000B or $000C). 


Bit 7 ICF (Input Capture Flag); The read-only bit is, set 
when an input signal to edge detector makes a transi- 
tion as defined by IEDG, and is cleared by a read of 
TCSR (with ICF set) followed by an CPU read of Input 
Capture Register ($000D). 


Each bit of Timer Control and Status Register is cleared 


during reset. 


2.6 Serial Communication Interface 


The HD6301V1 contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data transmit rate and comprises a transmitter 
and a. receiver which operate independently on each other 
but at the same data transmit rate. Both of transmitter 
and receiver communicate with the CPU by the data bus, and —.| 
with the outside through Port 2 bit 2, 3 and 4. Descrip- 


tion of hardware, software register is as follows. 


(1) Wake-Up Function 


In typical multiprocessor applications the software 
protocol has the destination address at the initial 
byte of the message. The purpose of Wake-Up function 
is to have the non-selected MCU neglect the remainder 


of the message. Thus the non-selected MCU can inhibit 
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(2) 


the all further interrupt process until the next 


message begins. 


Wake-Up function is triggered by a ten consecutive "1"s5s 
which indicates an idle transmit line. Therefore soft- 


ware protocol needs an idle period between the messages. 


With this hardware feature, the non-selected MPU is re- 


enabled (or "wakes-up") for the appearing next message. 


Programmable Option 


The HD6301V1 has the following optional features provided 

for its Serial I/O. They are all programmable. 

data format; standard mark/space (NRZ) start bit + 

8 bit data + 1 stop bit 

Clock source; external or internal 

baud rate; one of 4 rates per given MCU E clock frequency 
or 1/8 of external clock 

- wake-up function; enabled or disabled 

> Interrupt requests; enabled or masked individually for 


transmitter and receive data 
registers 
* Clock Output; internal clock enabled or disabled to 
Port 2 bit 2 
* Port 2 (bits 3,4); dedicated or not dedicated to serial 
I/O individually for receiver and 
transmitter 


(3) Serial Communication Hardware 


The serial communications hardware is controlled by 4 
registers as shown in Figure 2-6-1. The registers include: 
- an 88-bit control/status register 
- a 4-bit rate/mode control register (write-only) 
- an 8-bit read-only receive data register 
* an 8-bit write-only transmit data register 
Besides these 4 registers, Serial I/O utilizes Port 2 bit 
3 (input) and bit 4 (output). Port 2 bit 2 can be used 
when an option is selected for the internal-clock-out or 


the external-clock-in. 


Transmit/Receive Control Status Register (TRCSR) 
TRCS Register consists of 8 bits which all may be read 
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Bit 


Bit 


Bit 


Bit 


Bit 


Bit 


Bit 
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while only bits 0 to 4 may be written. The register is 
initialized to $20 on RES. The bits of the TRCS register 
are defined as follows. 


Transmit/Receive Control Status Register 


7 6 5 4 3 2 1 0 , 
aoa ree [aoe [re [wo] 30pes 


0 WU (Wake Up); Set by software and cleared by hard- 
ware on receipt of ten consecutive "1"s. It should be 
noted that RE flag has already set in advance of WU 
flag's set. | 


1 TE (Transmit Enable); Set to produce preamble of 
ten consecutive "1"s and to enable the data of trans- 
mitter to output subsequently to the Port 2 bit 4 
independently of its corresponding DDR value. When 


cleared, serial I/O affects nothing on Port 2 bit 4. 


2 TIE (Transmit Interrupt Enable); When this bit is 
set with TDRE (bit 5) set, it will permit an TRQ, 


interrupt. When cleared, TDRE interrupt is masked. 


3 RE (Receive Enable); When set, gates Port 2 bit 3 
to input of receiver regardless of DDR value for this 
bit. When cleared, the serial I/O affects nothing on 
Port 2 bit 3. | | 


4 RIE (Receive Interrupt Enable); When this bit is 
set with bit 7 (RDRF) or a bit 6 (ORFE) set, it will 


permit an IRQ,. When cleared, IRQ2 interrupt is masked. 


5 TDRE (Transmit Data Register Empty); When the data 
transfer is made from the Transmit Data Register to 
Output Shift Register, it is set by hardware. The bit 
is cleared by reading the status register (with TDRE 
set) and followed by writing the next new data into the 


Transmit Data Register. TDRE is initialized to 1 by RES. 


6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), it is set by 
hardware. Over Run Error occurs if the attempt is 


made to transfer the new byte to the receive data 


HITACHI 


register with the-RDRF set. Framing Error occurs 
when the bit counters are not synchronized with the 
boundary of the byte in the bit stream. The bit is 
Cleared by reading the status register (with ORFE set) 
followed by reading the receive data register, or 

/ 


by RES. 


Bit 7 RDRF (Receive Data Register Full); It is set by 
hardware when the data transfer is made from the 
receive shift register to the receive data register. 
It is cleared by reading the status register (with 
RDRF set) and followed by reading the receive data 
register, or by RES. 


Bit 7 Rate and Mode Control Register BitO 


ee Co 


Transmit/Receive Control and Status Register 


RDRF /ORFE|TDRE| RIE Pre | e| re | wu $11 


Receive Data Register 
| tT tT tT | hy tt fs 


(Not Addressable) 


1 oe 
Receive Shift Register 
Bit Rate 
Generator 


(Not Addressable) 


Transmit Shift Register 


12 


Le ae ee a 


Transmit Data Register 





Fig. 2-6-1 SCI Register 


7 6 5 4 3 2 1 6) 
Rate / Mode Control Register 


Table 2-6-1 SCI Bit Times and Transfer Rates 


XTAL 2.4576 MHz 4.0 MHz | 4.9152MHz 


26 us/38,400 Baud 16 = s/62,500 Baud 13. ys / 76,800Baud 
208us/4,800 Baud 128 us/7812.5 Baud 104.2us / 9,600Baud 
1.67ms/600 Baud 1.024ms/976.6 Baud 833.3us / 1,200Baud 
6.67ms/150 Baud 4.096ms/244.1 Baud 3.333ms/ 300Baud 
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Table 2-6-2 SCI Format and Clock Source Control 


| Port 2 Bit 2 Port 2 Bit 3 Port 2Bit 4 


(5) Transmit Rate/Mode Control Register (RMCR) 


CC1, CCO- 











Not Used al 
Output* 
Input 





Internal 





Internal 





External 
* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = ‘’1’' in TRCS. 


Bit 4 is used for serial output if TE = ‘1°’ in TRCS. 
It can be used as I/O port. 


HHH 


The register controls the following serial I/O variables: 


*Baud rate *clock source 
-Port 2, bit 2 function 


It is 4- bit write-only register, cleared by RES. The 4 
bits are considered as a pair of 2-bit fields. The lower 
2 bits control the bit rate of internal clock while the 
upper 2 bits control the clock select logic. 
Bit O SSO 
Bit 1 SSi 


These bits select the Baud rate for the internal clock. 


| Speed Select 


The selectable 4 rates are function of E clock frequency 
within the MCU. Table 2-6-1 lists the available Baud 
“Rates. 

Bit 2 cco 7 | 

Bit 3 CCl | cock Control/Format Select 
These bits control the clock select logic. 
Table 2-6-2 defines the bit field. 


(6) Internally Generated Clock 


When using the internal clock for the SCI externally, the 
followings should be noted. 

- The values of RE and TE have no effect. 

* CCl, CCO must be set to "10". 

* The maximum clock rate is E/16. 


- The clock is once the bit rate. 


(7) Externally Generated Clock 
When supplying an external clock for the SCE, the 
followings should be noted. 
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(8) 


(9) 


- The CCl, CCO, in the Rate and Mode Control Register 
must be set to "ll" (See Table 2-6-2). 

- The external clock frequency must be set to 8 times 
the desired baud rate. 

- The maximum external clock frequency is half of E 


clock. 


Serial Operations 


The serial I/O hardware must be initialized by the HD6301V1 

software prior to operation. The sequence is normally 

as follows. 

¢ Writing the desired operation control bits to the Rate 
and Mode Control Register. 

* Writing the desired operation control bits to the TRCS 
Register. 

If using Port 2 bit 3, 4 for serial I/O exclusively, TE, 

RE bits may be preserved set. When TE, RE bit cleared 

during SCl operation, and subsequently set again, it 

should be noted that the setting of TE, RE must refrain 

for at least one bit time of the current baud rate. If 

set within one bit time, there may be the case where the 

initializing of internal function for transmit and 


receive does not take place. 


Transmit Operation 


Data transmission is enabled by the TE bit in the TRCS 
register. When set, outputs the data of the serial 
transmit shift register to Port 2 bit 4 which is un- 
conditionally configured as an output irrespectively of 


corresponding DDR value. 


Following RES, the user should configure both the RMC 
register and the TRCS register for desired operation. 
Setting the TE bit during this procedure causes a trans- 
mission of ten-bit preamble of "1"s. Following the 
preamble, internal synchronization is established and the 


transmitter section is ready to operate. Then either of 


the followings operates. 
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(10) 


(11) 
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(a) If the transmit data register is empty (TDRE = l), 
the consecutive "1"s are transmitted indicating an 
idle lines. 

(b) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the "0" start bit is first 

transferred. Next the 8-bit data (beginning at bit 0) 

and the "1" stop bit. When the transmit data register 

has been empty, the hardware sets the TDRE flag bit: | 

If the CPU fails to respond to the flag within the 

proper time, TDRE is preserved set and then a "1" will 

be sent (instead of a"O" at start bit time) and more "1"s 

will be set consecutively until the data is supplied to. 

the data register. While the TDRE remains a "1", no "0". 

will be sent. 

Receive Operation 

The receive operation is enabled by the RE bit. The 

serial input is connected with Port 2 bit 3. The receive 

operation is determined by the contents of the TRCS and 

RMC register. The received bit stream is synchronized 

by the first "0" (space). During 10-bit time, the data 

is strobed approximately at the center of each bit. 

If the tenth bit is not "1" (stop bit), the system 

assumes a framing error and the ORFE is set. (RDRF is 


not set.) 


If the tenth bit is "1", the data is transferred to the 
receive data register, with the interrupt flag set(RDRF).If 
the tenth bit of the next data is received, however, still 
RDRF is preserved set, then ORFE is set indicating that 


an overrun error has occurred. 


After the CPU read of the status register as a response 
to RDRF flag or ORFE flag followed by the CPU read of | 


the receive data register, RDRF or ORFE will be cleared. 
Timer, SCI Status Flag 


The set and reset condition of each status flag of timer 


and SCI is shown in Table 2-7. 
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Interrupts 


The HD6301Vl has two external interrupt pins (NMI, IRQ) 
and 8 internal interrupt source (Soft-TRAP, SWI, Timer-ICF, 
OCF, TOF, SCI-RDRF, ORFE, TDRE). The features of these 


interrupt are detailed in the following paragraphs. 


(1) 


(2) 


Non maskable Interrupt (NMI) 

When the input signal of this pin is recognized to fall, 

NMI sequence starts. The current instruction is continued 

to the last if NMI signal is detected as well as the follow- 
ing IRQi interrupt. Interrupt mask bit in Condition Code 
Register has no effect on NMI interrupt. In response to NMI 
interrupt, the contents of Program Counter, Index Register 
Accumulators, and Condition Code Register are stored on the 
stack. On completion of this sequence, vectoring address 
$PFFC and $FFFD will occur to load the contents to the program 
counter and branch to a non maskable interrupt service routine. 
Inputs IRQ,, and NMI are hardware interrupt lines sampled by 
internal clock. After the execution of instructions, start 


the interrupt routine in synchronization with E. 


Interrupt Request (IRQ1) 

This is the level-sensitive pin which requests an internal 
interrupt sequence to the CPU. At interrupt request, the 
CPU will complete the current instruction before the 
acceptance of the request. Unless the interrupt mask in 
the condition code register is set, the CPU starts an 
interrupt sequence; if set, the interrupt request will be 


ignored. 


When the sequence starts, the contents of Program Counter, 
Index Register, Accumulator, Condition Code Register are 
stored on the stack. Then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. 


At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
locates the contents in Program Counter to branch to an 


\ 
interrupt service routine. 
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(3) Internal interrupts 


For an internal interrupt requested from the timer or SCI, 
an internal interrupt signal IRQ2 is activated. This 
interrupt is identical to IRQ; except that it uses vector 
addresses $FFFO through $FFF7. The IRQ; has the priority 
to the IRQ2 when interrupt requests have taken place at 
the same time. When the interrupt mask bit in the condi- 


tion code register is set, both interrupts are inhibited. 


The SWI is an instruction which requests an interrupt by 
software. The state of CCR mask bit doesn't influence 
the SWI. If an address error or operation code error 
(see "2.13 Error Processing") occurs, TRAP takes place 
whose priority is next to the reset. In the case of 
TRAP, CPU starts the interrupt Sequence regardless of the 
state of the mask bit. The vectors corresponding to this 
interrupt are $FFEE and $FFEF. The memory map for inter- 
rupt vectors is shown in Table 2-7-1 and the interrupt 
sequence are shown in Fig. 2-7-1. Fig. 2-7-2 shows the 
logic of the interrupt circuit. 


Table 2-7-] Interrupt Vectoring Memory Map 








eeCeoe Interrupt 


Ceres [rrer [emp Sd 
rerr2 | Fra [TOF (Finer Overflow) 


FFFO | FFFl | SCI (RDRF+ORFE+TDRE) | 


Highest 
Priority 





Lowest 
Priority 
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E 


Internal 
Address Bis KKK KK KKK AA 
beg ee Op Code Op Code FFFF- SP SP-5 SP-6 Vector Vector New PC 
NMI. IRQi, IRQ2 Address Address+1 MSB LSB Address 


Internal 


Interrupt 


Test 
-.o 


Address Address 


—| tpcs 


Data Bus 


Read 


Op Code Pode poevant PCO~ PC8~ IXO~ IX8~ ACCA ACCB C ector Vector First | 
Internal ® Dat PC7 PC15 1X7 1X15 ih LSB Mercupt Routine 


Internal Se 


Write 








2.8 


Fig. 2-7-1 Interrupt Sequence 


| (CCR bit 5) 


VV 


Interrupt 
Request 
Signal 


iS3 FLAG 
1S3 ENABLE 


IRQ, 


Sleep 
Falling Edge NMI Release 
Detector Signa! 


Address, 
Op-Code 
Error Detector 


Fig. 2-7-2 Logic of Interrupt Circuit 


Reset (RES) 


This input is used to reset the MCU and start it from a 
power-off condition. During Power-on, RES pin must be 
held "Low" for at least 20ms. To reset the MCU during 
system operation, it must be held "Low" at least 3 system 
clock cycles. At the 3rd cycle during "Low" level, all 
address buses become “High impedance" while RES is "Low" 


Detecting "High" level, MCU operates as followings. 
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(1) Latch I/O Port 2 bits 2, 1, 0 into bits PC2, PCl, 


PCO of mode register. 


(2) Put the contents (=start address) of the last two 
addresses ($FFFE, $FFFF) into the program counter 
and start the program from this address. (Refer to 
Table 2-7-1) 


(3) Set the interrupt mask bit. For the CPU to 
recognize the maskable interrupts IRO1 and IRQ2, this 
bit should be cleared in advance. Fig. 2-8-1 shows 
the reset timing, and Table 2-8-1 shows the pin -condi= 


tion during reset. 


eo IMM $994 


FFFE FFFE FFFF NewPC 





Fig. 2-8-1 Reset ao 


Table 2-8-1 Pin Condition during RESET 











Port 1 | High impedance = =| << | | = | |= 
Pi0%P17 (input) 


Port 2 High impedance < “ een a a 
P20vP24 aE 


:"1" output E:"1" output Heese Boa output 
:"1L" output High impedance|E:"1" output High impedance] E:"1" output 
Gah impedance) (High impedance) pte impedance) 


Port 4 High impedance . 
OO <—_—_—_—_—— ———_—— | 
Py oVP47 (input) 
; ‘ ; oo ia : : ; elas | 
igs Bags output ) | "1" output :"1" output High impedance 
- High impedance | <-——————— e. High impedance} (input) 
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Port 3 
P30P37 


High impedance 
_ (input) 


n 
Q 
e 
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2.9 Oscillator 


XTAL, EXTAL pins interface with an AT-cut parallel resonant 
crystal. Divide-by-four circuit is on chip, so if 4 MHz 
crystal oscillator is used, the system clock is 1 MHz for 
example. EXTAL pin can be drived by the external clock with 
45% to 55% duty. The system clock which is one fourth 
frequency of the external clock is generated in the LSI. 
When using the external clock, XTAL pin should be open. 

Fig. 2-9-1 shows examples of connection circuit. 





AT Cut Paralle! Resonance Crystal 
Co = 7 pF max 
R, = 60 2 max 


XTAL 


Cry = Ci2 =10~22pF + 20% 
(3.2 ~ 8MHz) 


Fig. 2-9-1 Crystal Interface 





2.10 Strobe Signals 


Two pins, SC, (39 pin) and SC2 (38 pin) are used as 
the strobe signals in each mode. Followings are applied 


only to Port 3 in single.chip mode. 


(1) Input Strobe (IS3) (SC) 
This signal controls IS3 interrupt and the latch of Port 
3. When the falling edge of this signal is detected, the 
flag of Port 3 Control Status Register is set. 


For respective bits of Port 3 Control Status Register, 


see the "2.4 I/O Ports" section. 


(2) Output Strobe (083) (SC2) 
This signal is used by the processor to strobe an external 


device, indicating effective data is on the I/O pins. 


The timing chart for Output Strobe are shown in figure 5-5. 


The following pins are available for Expanded Modes. 
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(3) 


2011 
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Read/Write (R/W) (SC2) 

This TTL compatible output signal indicates peripheral 

and memory devices whether the CPU is in Read ("High"), 
or in Write ("Low") . The normal stand- by state of this 
signal is Read ("High"). This output can drive one TTL 


load and 90pF capacitance. 


I/O Strobe (10S) (SC)). 

In expanded non multiplexed mode 5 of operation, IOS 
becomes "Low" when A g through Ais are "O"s and Ag is 
"1". This allows external access of 256 addresses from 
$0100 to $01FF in memory. The timing chart is shown in 
Figure 5-2. | | 


(5) Address Strobe (AS) (SC,) 


In the expanded multiplexed mode of operation, address strobe 
is output to this pin. This signal is used to latch the 1. 
lower 8 bits addresses multiplexed with data at Port 3 and to 
control the 8-bit latch by address strobe as shown in Figure 
2-1-4. Thereby, I/O Port 3 can become data bus during E 
pulse. The timing chart of this signal is shown in Figure 
on ae 


RAM Control Register 


The register assigned to the address $0014 gives a status 


information about standby RAM. 


RAM Control Register 
7 6 5 4 3 2 i 0 





Bit O Not used 
Bit 1 Not used. 
Bit 2 Not used 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable. 


Using this control bit, Ene user can disable the RAM. 


RAM Enable bit is set on the positive edge of RES and RAM 


“is enabled. With the program control, it is capable of 


writing "1" or "0". “With the disabled RAM (logic. "0"), 
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the RAM address becomes external address and the CPU may 


read the data from the outside memory. 
Bit 7 Standby Bit 


This bit is cleared when Vcc is not provided in standby 
mode. This bit is a read/write status flag that user can 
read. If this bit is preserved set, indicating that Vcc 
voltage is applied and the data in the RAM is valid. 


12 Low Power Consumption Mode 


The HD6301V1 has two low power consumption modes; sleep 


and standby. 


(1) Sleep Mode 


On execution of SLP instruction, the CPU is brought to 
the sleep mode. In the sleep mode, the CPU stops its 
operation, but the contents of the register in the CPU 
are retained. In this mode, the peripherals of MPU 
will remain operational. So the operations such as 
transmit and receive of the SCI data and counter may 
keep on functioning. In this mode, the power consump- 


tion is one-sixth that of operating condition. 


The MCU returns from this mode by interrupt, RES, STBY. 
The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When the 
CPU acknowledges an interrupt request, it cancels the 
sleep mode, returns to the operation mode and branches 
to the interrupt routine. When the CPU masks the 
interrupt, it cancels the sleep mode and executes the 
next instruction. However, for example, if the timer 

1 or 2 prohibits a timer interrupt, the CPU doesn't 


cancel the sleep mode because of no interrupt request. 


This sleep mode is available to reduce the power con- 
sumption for a system with no need of the HDO301V1's 


consecutive operation. 


Please refer to Table 2-12-1 for other pins except Vcc, 
clock pin, input-only pin, E clock pin (their function 
are the same as operating condition). 
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(2) Standby Mode 


The HD6301V1 stops all the clocks and goes into the 
reset state with STBY "Low". In this mode, the power 


consumption is reduced conspicuously. 


In the standby mode, the power is supplied to the 
HD6301V1, so the contents of RAM are retained. The 
standby mode should escape by bringing STBY "High". 


Transitions among the active mode, sleep mode, standby 


mode and reset are shown in Fig. 2-12-2. 


Table 2-12-1 Pin Condition in Sleep Mode 


om Le fF ed PF 
Ad s 
_ |Keep the con- 
Condition|dition just <————__—_—— <—_—— <—_———_—_ 
before sleep 


dition just 
before sleep 
Port 2 Keep the con- 
P20VP24 | Condition] dition just ~@—_-__- 
before sleep 
E:Lower | _ \E:Lower 
Address Bus |Data Bus Address Bus | Data: Bus Address Bus| I/O Port 
E:Data Bus E:Data Bus E:Data Bus 
E:Output "1" E:Output "1" E:Output "1" | Keep the con- 
Condition|E:High impe- [High impedance|E:High impe- High impedance]E:High impe- dition just 
dance dance 
Lower Address |Upper Address 
Function | Upper Address h—————— <<. Bus or Input |Bus or Input | I/O Port 
Port Port 


dance before sleep 
Address Bus: 
Output "1" 
ilo ell ac oes Port:Keep the < 
condition 
just before 
sleep . 
~ 
eee apie sre 
<<." <__-—— 












| 






E 


| 





Port 1 
PyoPi7 










Keep the con- 





Output "1" 





| 


I 
i 
| 








Function 





























Port 4 


Pip vP 
ae eid Keep the con- 


dition just 
before sleep 








Condition] Output "1" 





Output "1" 
(Read Con- 
.Adition) 





Output "1" 















Output Ad- 
dress Strobe 






Output "1". Input Pin 


dress Strobe 
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SOL 


IHOVLIH © 


Internal 
E clock 


Stop in sleep 
mode clock 


Address 
bus 


Data 
bus 





Sleep 
/_-—__§_ 4 -—________| 
Sea Lol ee Lo el a a i os Lee Le ee Le Le 


Ae hee ed ee es 





Sleep cleared 


(_PCn XPCn+lX FFFFX FFFF LOPE 1XPCN+2 ~— Sleep is cleared 


with interrupt 


masked 
a, (scp) \ OPn+1 \ OPn+l) \ OPn+2 
| Interrupt save routine 
Sleep | ———__—- 


instruction 


Address— pCn+1X¥PCn+2VY FFFF 
bus where 
Interrupt sleep is 


occurs cleared without 
interrupt masked 


Program 


Fig. 2-12-1 Sleep Instruction Timing Chart 






Active 
Mode 


Fig. 2-12-2 Transitions among Active Mode, Standby Mode 
Sleep Mode, and Reset 
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TRAP Function 


The CPU generates an interrupt with the highest priority 


(TRAP) when fetching an undefined instruction or an instruc- 


tion from non-memory space. The TRAP prevents the system- 


burst caused by noise or a program error. 


(1) Op-Code Error 


(2) 


When fetching an undefined op-code, the CPU saves register 
as well as a normal interrupt and branches to the TRAP 
($FFEE, $FFEF). This has the priority next to reset. 


Address Error 


When an instruction is fetched from excluding internal 

ROM, RAM, or an external memory area, the MCU generates 

the same interrupt as op-code error. If the instruction 

is fetched from external memory area without memory devices, 


this function is not applicable. 


Table 2-13-1 shows addresses where an address error occurs 
to each mode. This function is available only for the 
instruction fetch, and is not applicable to the access of 


normal data read/write. 


<a ss Addresses Applicable to Address Errors 


a a 
( 


Address nese $O01F 
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3. INSTRUCTIONS 


The HD6301V1 Provides object code upward. Besides having 
object code compatible with the HD6801 series, the HD6301V1 
the predecessor with additional instructions; enhances bit 
control instructions (AIM, EIM, OIM, TIM), index/accumulator 
exchange instruction (XGDX), and sleep instruction (SLP). 


These new instructions improve programming efficiency. 


Suc, Addressing Modes 


The HD6301V1 provides seven addressing modes. The adequate 
selection of these addressing mode will permit to implement 


an efficient and easy programming. 


The addressing mode is determined by an instruction type and 
code. The addressing mode for each instruction is shown in 
Table 3-2-1 to 3-2-4 with execution time counted by the 
machine cycles. When the clock frequency is 4 MHz, the 


machine cycle time will be microseconds. 


Accumulator (ACCX) Addressing 
Only an accumulator is addressed. Either accumulator A or 


B is selected. This is a one-byte instruction. 


Immediate Addressing 
In this mode, the data is stored in the second byte of the 
instruction except that LDS and LDX, store a data in the 
second and the third byte exceptionally. These are two or 


three-byte instructions. 


Direct Addressing 
In this mode, the second byte of an instruction indicates 
the address where the data is stored. 256 bytes ($0 
through $255) can be addressed directly. Execution times 
can be reduced by storing data in these locations. In 
configurating system, it is recommended that these locations 
should be RAM for users' data area. These are two-byte 
instructions, while the AIM, OIM, EIM and TIM are three- 
byte. 
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Extended Addressing 
In this mode, the second byte indicates the upper 8 bits 
addresses where the data is stored, and the third byte 
indicates the lower 8 bits. These are three-byte instruc- 


tions. 


Indexed Addressing 
In this mode, the contents of the second byte and the 
lower 8 bits in the Index Register are added. As for AIM, 
OIM, EIM and TIM instructions, the contents of the third 
byte and the lower 8 bits in the Index Register are added. 
In addition, this carry is added to the upper 8 bits in 





the Index Register. The result is used for addressing 
memory. The modified address is held in the Temporary 
Address Register, so there is no change to the contents of 
the Index Register. These are two-byte instructions, while 


AIM, OIM, EIM and TIM are three-byte. 


Implied Addressing 
In this mode, the instruction itself gives the address. 
That is, the instruction addresses an accumulator, 


stack pointer, index register, etc. This is a one-byte 


instruction. 


Relative Addressing 
In this mode, the contents of the second byte and the 
lower 8 bits in the program counter are added. The 
carry or borrow is added to the upper 8 bits. So 
addressing from -126 to +129 bytes of the current 


instruction is enabled. These are two-byte instructions. 
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3.2 Instruction Set 


The HD6301V1l has an upward object code compatible with the 
HD6801 to utilize all instruction sets of the HMCS6800. 

The execution time of the key instruction is reduced to 
increase the system through-put. In addition, the bit 
manipulation instruction, the exchange instruction of the 
index and the accumulator, the sleep instruction are added. 


The followings are described here. 


* Accumulator and memory manipulation instructions (See 


- Additional instructions. 


* Index register and stack manipulation instructions (See 
Table 3-2-2). 


* Jump and branch instructions (See Table 3-2-3). 


- Condition code register manipulation instructions (See 
Table 3-2-4). 


- Op-code map (See Table 3-2-5). 
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Table 3-2-1 Accumulator, Memory Manipulation Instructions 


Condition Code 


Add ing Mode 
ddressing $s Register 




















ePuson a es IMMED DIRECT INDEX IMPLIED iheeae oLeeane 15 [4 {3[2]1[o | 
jor |~| Jor |~ |x [or] ~ |» Jor |~] | or |~| | fey] lv fe | 
a ADDA [88 |2|2|98[3|2|AB|4]2leel4|3] | | |A*M-A-*'[t ie (tee ie | 
[anos _|ca{2|2[oa{32les|4|2|rel4|3|_| | je*m—-8 —stfe[t heir 
Cr an SS Oban ee ee 
[Add Accumulators| ABA | | [| [| | {| [ [ | | [ [ [velaifvfa+e~a [et le[t{t[e{s | 
fcvncon | -abea [on fatefpe fa etralelafae ejay | P farwse=a ——fefelefetete 
[ance les [2 [2 fool fa eo fala fro fafa I B+M+C~6 rrfe[afele le 
ano {awa [os fafa foe [a [2 fafa aa {ais|_| | |AM—A refe [ete lrle 
f2toa[s[2les[al2lealals] | | [ew-e ‘(ele fs[r [ale | 
even [arr fos fafa foe fa fates 2 fos fe fot Pf few ee ital 
Tete [es |2|2!os|3|2les|4|2|es|a|3;_| | jem —~—*ide ide [tit im 
Clear Ba FS C1 CLIN 
ccna | 11111. 111 tT leh plo-a |e |e |R[s [rir | 
curs | 1 | TTL se fs [sfoo-e ——~die |e ns [RR | 
eomeee | owen fat taf fer fa fe afefetetsy Vf basmati 
| cups [cr [2 ere ra [er fala | {| ree (e[e felt | 
Fee OC I 
Accumulators 
Complement,v's | com | | || | | lesjel2|va leis; | | |[M-m™  [ele|t[s {ris 
| coma | |] | | | | tT tT TT fas sama fe foie tt [Rds | 
- coms {| ||| | il flil[[is(hie-s [elefr[s|ris| 
Complement,2’s | NEG | | {| | | | [60{6{2{70 [6{3{ | | |00-M—M fe fe [tit (| 
ll 00-A=A re fo fe 
Tnecs | 111111 LLL 11 [solth[o-e-8 Ie fe [sta lola, 
ae Seoectere asreco former {* (° [ELE LE 
Decrement occ | ||| [| jealel2|male|s| | | [m-1-m ele [e tt lofe 
occa | TTT LOLOL Car ia-teanS—=w Pe oe 
Toes | ||) Tit [it [iii |ie-1-e ‘[efeft{rfele] 
ExclusiveOR | €ORA ea |2|2|98[3|2|aal4|2|eal4|3| | | |A@M-A __—ie |e |t[#|Rfe | 
eoet Te tee tele tee tele tee tet tt te eee fete 
Tine | | | 1 || fecle[2|7rcfels|_| | [M+i-m __fe le |t|tlole | 
BO a et OC SEI 
inca | 11 Lise evr es SS—~«w Pe ee ole 
LOAA es fafa toe {a falas[afz es [eft [ T fwom Peete tafe 
ceumulator Loas {ce |2|2[o6[3 [2 |es|4|2 [re [43] | | [M-e ide fe (tf (rie 
woo [ec |a|sjocls |afec|s|2[rc|s|2| | | [m+i~em—a [ele [r[1|nle 
FMuttipty Unsigned | _Muc | | [1 {|| ||| {| [ao[7[t[axe-ace _—ife |e fe[e [ela 
OR, Inclusive | ORAA |[@al2|2[oa[a|2laal4|2leal4[3; | | [A*M=A =a ez [t [RI 
| onas [cal2|2|oal3 |2[eal4|2|rAl4[3| | | [eM 8 ‘(ele fF[f Ate 
Push Data Tpsoa TT tT TLL ae [4 [tA Meo, SP Pe fe pele pope 
oe a g Mp, SP-1~5P Le lelelelele | 
Sareea S07 an NG 2 OG PU ETD aed eee ORE 
rus | | tt ttt ttt 11 [s3ls[[sesi-se.mo>e8  lelelolelol> 
Rowtetee | ro. | ||| | | feaslel2ilels| | | Iu ees [s fore 
roa | [{] Trl TT ee )| Sco Perel 
Trove | | tT] Tittle Teer Torr 
Rotate Right | ROR | | {| {| | | [eej6/2zj7e{6{3| | | [™ fe fe {tt ole | 
aona TLL LL Lee) 4) Soe Before 
Frors | {ti ftiftttt tiie | refe{e tt [el 


Note) Condition Code Register will be (to be continued) 
explained in Note of Table 3-2-4. 
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Table 3-2-1 Accumulator, Memory Manipulation Instructions 




















Addressing Modes 
Operations | Mnemonic 


| Condition Code 
: Register 






Boolean/ 
Arithmetic Operation 





IMMED | DIRECT | INDEX [EXTEND | IMPLIED 





































































shift Left ase | | | | es fe l2 free is] | | ly ee jefe [ tt Olt 
ene ata TTT TTT TT TT er} oro Ee fol 
Te OO oto le ts Ole 
ee ee 
Left, Arithmetic 
Shift Right | ase | | dL dt Ct CL [er [6 [2 {77 [6 | 
ania ae a Kaa A 
AGRE el Pe ae 
| | | [ [es [6 [2 [7 |e | 
ita ceesSe 
fa OF a 
Double Shift 
eee ba Take Weak eh aL 
Store = |__STAY = tot tate 
Sania | | [or [3 |2 je [4 [2 [Fr fa [3 aca 
anaes | [| fools fe feof [2 [ros | ee 
Accumulator 
Subtract SUBA 0 [2 2 Joo 13 fa Laos 2 too ta fe |e | 
suss__|co [2|2 |00|3 |2 |€0 | 4 [2 [Fo [4 | fe |e | 
Double Subtract | suBo | 83 |3[3 |93 | 4 |2 [a3[5 |2 [89 |5 | ie 
ee feasts lelt slated ec epee Bi 
Subtract 82 [2 [2 [92 [3 |2 [a2] a |2 |e2 [a | i) fe jeis[s [3 [3 | 
ee [c2 [2 [2 |o2[3 |2 je2 | 4 [2 |F2 [a | im jeje [sis {se | 
Transfer pt ft | cS ra fe je ts] \R Je | 
eee Pees I Se teal css al code es fe je je lt | [Ale | 
Test Zero or tet {| [| TT | fools 2 jroja ls] | | fe fe [r[s [RR 
ne | tsra {| {| tT tT tt TE rt TT feots fs fe fet [s [AIR 
2 TSTB Le oi fo felts [AIR 
And immediate | AIM | {| j7felsjet7{3] [| | | [| jMimm-m [ele]: |: [Rie 
|ORimmediate | om | | | {72{6[3jez{7/3} | | | | {| [M+imm-m [ele [: [3 [rie 
eon mediate} ete tle 
[Testimmediate | Tim | | | |7eja{sieaisi3} | jt | | DOB Lo 


Note) Condition Code Register will be 
explained in Note of Table 3-2-4. 
Additional Instructions 





In addition to the HD6801 Instruction Set, the HD6301V1 


has the following new instructions: 


AIM --- (M) » (IMM) > (M) 
Executes "AND" operation to the immediate data and 
the memory contents and stores the result in the 
memory. | 

-OIM --- (M) + (IMM) + (M) 

Executes "OR" Operation to the immediate data and 
the memory contents and stores the result in the 
memory. 

EIM --- (M) © (IMM) > (M) | 
Executes "EOR" operation to the immediate data and 
the memory contents and stores the result in the 


memory. 
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TIM --- (M) + (IMM) 
Executes "AND" operation to the immediate data and 
the memory contents and changes the flag of 


associated condition code register. 


Each instruction has three bytes; the first. is op-code, the 
second is immediate data, the third is address 


modifier. 


XGDX --- (ACCD) = (IX) 
Exchanges the contents of accumulator and the 


index register. 


SLP --- The MCU goes to the sleep mode. Refer to "Low 
Power Dissipation Mode" for more details of the 


sleep mode. 


Table 3-2-2 Index Register, Stack Manipulation Instructions 


Addressing Modes Soran Code 
Boolean/ egister 


Pointer Operations Arithmetic Operation 5 f4{3[2[1 {0 | 
HI VIN Ziv ic | 


i 


Compare Index Reg 
Decrement Index Reg 


Decrement Stack Pntr 


Increment Index Reg 
Increment Stack Pntr 
Load Index Reg 


Load Stack Pntr 
Store Index Reg 


Index Reg — Stack Pntr 


Stack Potr + Index Reg 


Push Data ie 
cn lanai EA% nae 
Exchange | xGox | PTT TTT TT TT fe | 


Note) Condition Code Register will be 
explained in Note of Table 3-2-4. 
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Operations 


Mnemonic 


Branch Always 


Branch Never 


Branch If Carry Clear 
Branch If Carry Set 


Branch If = Zero 


Branch If > Zero 


Branch If > Zero 


Branch If Higher 


Branch tf < Zero 


Return From 
Subroutine 


Software Interrupt 





Table 3-2-3 Jump, Branch Instruction 


Addressing Modes Condition Code 


Register 











Advances Prog. Cntr. 
Only 





L iApa yt 


Note) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes 


to the three state level.Condition Register will be explained 
in Note of Table 3-2-4. 
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Table 3-2-4 Condition Code Register Manipulation Instructions 


A ddressingModes 
Operations IMPLIED Boolean Operation 


eearcary SSidYCC Cid te | 


Clear Interrupt Mask 


I 
Set Carry 
| 


Accumulator A - CCR 
CCR — Accumulator A 








[NOTE] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


SEOGOSHOOS 


O@ 


(Bit V) 
(Bit C) 
(Bit C) 
(Bit V) 
(Bit V) 
(Bit V) 
(Bit N) 
(Alt) 

(Bit 1) 


(All Bit) 
(Bit C) 


Test: 
Test: 
Test: 
Test: 
Test: 
Test: 
Test: 


Result = 10000000? 

Result % 00000000? 

BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
Operand = 10000000 prior to execution? 

Operand = 01111111 prior to execution? 

Set equal to NeC=1 after the execution of instructions 

Result less than zero? (Bit 15=1) 


Load Condition Code Register from Stack. 
Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait 


state. 


Set according to the contents of Accumulator A. 
Result of Multiplication Bit 7=1? (ACCB) 
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Table 3-2-5 OP-Code Map 


OP ACC ' ACC “ACCA or SP ACCB or X 
A AST | ino |e DIR _IND TEXT “IMM | DIR | IND | EXT 
fomoTo SBA [eaA [vex | ONES SUB 
[oor | 1 [NOP [cea [eAN [INS [| _AW cM 
foot? ani _Trual —|om Se see 
Foon [ats [rue com SUBD ODD 
LSRD | LSR AND 
[oor | 5 [asco | —T8cs_| Txs_ 
fouio| 6 [TAP [TAB [BNE_[ PSHA ROR ea 
fois] 7 | TA [TBA BEd | PSHE | Sa a ea 
Fiooo] @ [ink [xGox] ave | PuIx’ ASL FOR 
foot [9 [DEX [OAR [avs [ATS 
Fotos [ety [sup [ert _| ABx 
}1o11] B | SEV | ABA | BMI | RTI 
[ioe] c [ete | 1 ace _| Psnx | 
fo [ sec [faut | wut 
finofe feu [Tact [wal 
fin fF [se 7 ate 
Ee es eae 


UNDEFINED OP CODE C=) 
* Only each instructions of AIM, OIM, EIM, TIM 








@ 
+ 
| 
siaje'o'e[> [== [lel=PII=F= 





3.3 Instruction Execution Cycles 


In the HMCS6800 series, the execution cycle of each 
instruction is counted from the start of the op-code 


fetch. 


The HD6301V1 employs a mechanism of the pipeline control for 
the instruction fetch and the subsequent instruction fetch 


is performed during the current instruction being executed. 


Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6301V1. 


Table_3~3-1, provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W 
status in cycle by cycle basis during the execution of each 


instruction. 
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& 





IMPLIED 


DIRECT 


LDD 


Address Mode 






Instructions 


Table 3-3-1 Cycle by Cycle Operation 


~ 


Op Code 
Op Code 
Op Code 


Op Code 
Address 
Op Code 


Op Code 


Address 
Address 


Address 
Address 
Address 


Address + 1 
of Operand 
Address + 2 


Address + 1 


Destination Address 


Op Code 


Op Code 
Address 
Address 
Op Code 


Op Code 


Address + 2 


Address + 1 
of Operand 


of Operand + 1 


Address + 2 
Address + l 


Destination Address 
Destination Address 
Op Code Address + 2 


Op Code Address + l 


FFFF 


Stack Pointer 
Stack Pointer - 1 
Jump Address 


Op Code 
Op Code 
Address 
Op Code 


Op Code 
Op Code 
Address 
FFFF 

Address 
Op Code 


Address + 1 
Address + 2 
of Operand 
Address + 3 


Address + 1 
Address + 2 
of Operand 


of Operand 
Address + 3 


PRE PLP OOrRPrFI|FOOFRITFPRPEEH on 


R/W 


FOrRPRPFE FH 






Data Bus 


Operand 
Next Op 


Operand 
Operand 
Next Op 





Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address 
Accumulator Data 
Next Op Code 


Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 


Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 


Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Immediate Data 

Address of Operand (LSB) 
Operand Data 

Next Op Code 


Immediate Data 

Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data _ 

Next Op Code 





(to be continued) 
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Address Mode 
& Address Bus W Data Bus 










Offset 

Restart Address (LSB) 

First Op Code of Jump 
Routine 


Op Code Address + 1] 
FFFF 
Jump Address 







Op Code Address 
FFFF 

IX + Offset 

Op Code Address + 2 


Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 






Offset 
Restart Address (LSB) 
Accumulator Data 

Next Op Code 






Op Code Address + 1] 
FFFF 

IX + Offset 

Op Code Address 







Offset 
Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Op Ccde Address 
FFFF 

IX + Offset 

IX + Offset + l 
Op Code Address 







Op Code Address 
FFFF 

IX + Offset 

IX + Offset + 1 
Op Code Address 






Offset 
Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 








Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
IX + Offset 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 










Op Code Address + 1 
FFFF 

IX + Offset 
FFFF 

IX + Offset 

Op Code Address 


Offset 
Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


















Immediate Data 
Offset 
Restart Address (LSB) 
Operand Data 
Next Op Code 


Offset 

Restart Address (LSB) 
Operand Data 

00 

Next Op Code 






Op Code Address + 1 
Op Code Address + 2 
FFFF 

IX + Offset 

Op Code Address 














Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset 

Op Code Address 









Q 
tt 
w 
= 





Op Code Address Immediate Data 
Op Code Address 


FFFF 


Offset 
Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
next Op Code 
(to be continued) 


IX + Offset 

FFFF 

IX + Offset 

Op Code Address + 3 


= 
FOR RP RPE RP TP ORR RP IEP RP EP EP RPL RP OR RP RP BEIT RP OORKF IRF OORP RIT RP RP RP RRP ITP ORF SS 





O ¥ 

HoH 

= = 

ty 

H 

= 
poe 

NOU DWNE 
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Address Mode 


& 


Instructions 


EXTEND 


178 


UBWNHERIDUBRAWNEIOAUBRWNEKH 


Address Bus 


Op Code Address 
Op Code Address 
Jump Address 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address + 3 


Op Code Address + 1 
Ov ‘Code Address + 2 
Destination Address 
Op Code Address + 3 


Address + 1 
Address + 2 
of Operand 


of Operand + 1 


Address + 3 


Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Destination Address 
Op Code Address + 3 


Op Code Address + l 


‘|Op Code Address + 2 


FFFF 

Stack Pointer 
Stack Pointer - 1 
Jump Address 


Address + 1 
Address + 2 
of Operand 


of Operand 
Address + 3 


Address + 1 
Address + 2 
of Operand 
of Operand 
Address + 3 
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POPPE I|HORPRPE BH IHOORRPHPIFPOORKBIRP RRP RPHI]HPOFRF 


Data Bus 





Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 


Destination Address 
Destination Address 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Jump Address (MSB) 

Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00. 

Next Op Code 


(to be continued) 





Address Mode 
& 
Instructions 


Address Bus 


Data Bus 





IMPLIED 





TXS 
DAA XGDX 


PULA PULB 


PSHA PSHB 
PULX 


PSHX 


RTS 


MUL 


a7 


. 
1 
2 


1 


Op Code Address + 1 





Op Code Address + 1 


EPEF 


Ov Code Address + 1 


FFFF 
Stack Pointer + 


Op Code Addres 
FFFF 
Stack Pointer 
Op Code Address 


Op Code Address 
FFFF 

Stack Pointér + 
Stack Pointer + 





Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
Op Code Address 


Op Code Address 
FFFF 

Stack Pointer + 
Stack Pointer + 
Return Address 





Op Code Address 
FFFF 
FFFF 
FRFF 


FFFF 
FFFF 
FFFF 
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| Op Code 


1 |Next Op Code 
1 |Restart Address (LSB) 


1 |Next Op Code 
1 | Restart Address (LSB) 
1 | Data from Stack 





















Next Op Code 
Restart Address (LSB) 


1 

1 

O |Accumulator Data 

1 |Next Op Code 

1 |Next Op Code 

1 |Restart Address (LSB) 
1 |Data from Stack (MSB) 
1 |}Data from Stack (LSB) 


1 |Next Op Code 
1 {Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
1 |Next Op Code 






Next Op Code 
1 |Restart Address (LSB) 
1 |Return Address (MSB) 
1 |Return Address (LSB) 
1 {First Op Code of 

Return Routine 








1 Code 

1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 


1 |Restart Address 


(to be continued) 
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Address Mode 
& 
Instructions 


IMPLIED 


180 


_ 
© 


OO ON DMN BWDND 


OMAN AU BWNHR_EWO ON HD MO PB WDND FE 























Address Bus 





Op Code Address 
FFFF 

Stack 
Stack 
Stack 
Stack 
Stack 
Stack 
Stack 


















Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 


+I omnBP WN FH 


Op .Code Address 
FFFF 
Stack 
Stack 
Stack 
Stack 
Stack 


Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Stack Pointer 
Stack Pointer 
Return Address 


tee tet t 
NOU BRWNE 


Op Code Address 
FFFF 

Stack 
Stack 
Stack 
Stack 
Stack 


Pointer 

Pointer - 
Pointer - 
Pointer - 
Pointer - 
Stack Pointer - 
Stack Pointer - 
Vector Address FFFA 


Ou WN EH 


Vector Address FFFB 


Address of SWI Routine 


Op Code Address + 1 
FFFF 
FFFF 


FFFF 
Op Code Address + 1 
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MRE BPE PP eer lLOOOCOOOOF 


MFPooooo0coorF KF 


Data Bus 






















Next Op Code , 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 





Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 
Index Register 
Index Register 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of 
Return Routine 


(MSB) 
(LSB) 












Next Op Code 

Restart Address (LSB) 

Return Address (LSB) 

Return Address (MSB) 

Index Register (LSB) 

Index Register (MSB) 

Accumulator A 

Accumulator B | 

Conditional Code Register 

Address of SWI Routine 
(MSB) 

Address of SWI Routine 
(LSB) 

First Op Code of SWI 

Routine 















Next Op Code 
Restart Address (LSB) 
High Impedance - Non 
MPX Mode 

Address Bus - MPX Mode 


Restart Address (LSB) 
Next Op Code 





(to be continued) 





Address Mode 
& 
Instructions 






RELATIVE 
1 Op Code Address + 1 1 | Branch Offset 
3 2 FFFF 1 | Restart Address (LSB) 
3 Branch Address | 1 |First Op Code of Branch 
Test = "1" Routine 
Op Code Address Next Op Code 
Test = "0" 





Offset 
Restart Address (LSB) 


Return Address (LSB) 
Return Address (MSB) 

First Op Code of 
Subroutine 


rFOOrRF 


Op Code Address + 1 
FEFF 

Stack Pointer 

Stack Pointer - 1 
Branch Address 


3.4 System Flowchart 





A system flow of the HD6301V1 is given in Fig. 3-4-l. 
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Cycle ~— 
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RESET 


|] 
VECTORING 


FFFE-FFFF 
) ©) 


INSTRUCTION FETCH 


PC —PC-1 


PC «-PC-1 
YES 


STACK 


: 


PCL — MSP 


6) No No<Ge> 


N 


PCH — MSP-1 


oO 


IXL — MSP-2 


YES IXH -+ MSP-3 


NO EXECUTE | ACCA -+ MSP-4 
ES | ACCB ~ MSP-5 
(B) FETCH 


CCR — MSP-6 


ro WAI 


EXECUTE Peas 


S REQUEST, 


<A> YES 
<n] é 
<tRa2> 


YE 
NO SLEEP Flag 
CLEAR 


Oe) 


NO 





YES 


MM 



































| VECTORING| 
FFFO, FFF1 


VECTORING 
FFF2, FFF3 


VECTORING 
FFF4, FFF5 


VECTORING 
FFF6, FFF7 


VECTORING 
FFEE, FFEF 


VECTORING 
FFF8, FFF9 


VECTORING 
FFFC, FFFD 


NMI INTERRUPT 
REQUEST FLAG 
CLEAR 


VECTORING 
FFFA, FFFB 













INTERRUPT REQUEST FLAG 
EXCEPT NMI CLEAR 





Fig. 3-4-1] HD6301V1 System Flowchart 
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4.1.1 PIN ARRANGEMENT AND PACKAGE INFORMATION 


@ HD6301V1P, HD63A01V1P @ HD6301V1FG, HD63A01V1F 
HD63B01V1P (DP-40) HD63B01V1FG (FP-54) 





@ HD6301V1CG, HD63A01V1CG @ HD6301V1CP, HD63A01V1CP 
HD63B01V1CG (CG-40) HD63B01V1CP (CP-52) 






NC a) 42 NC 

Pas RES @ 149 Pao 
US 

Be sTBY faP 3 

Pro TE Ps 

P47 P22 NC 

P22 19) fay] P35 

Vec Pall Pre 
P,, 

ee ne OF Bc 

Pie Pro 2) Pao 

P11 Ug 2 Ps: 

Pis P,, 0 TD Pes 

NC 2] NC 


4», @HD6301V1L, HD63A01V1L “HeEeEeEEEREEE 





HD63B01V1L (CP-44) eceddesidiagy 
ty 
Base 
ELAL 





(Top View) 





Fig. 4-1-1 Pin Arrangement (Top View) 
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4.1.2 PIN ARRANGEMENT AND PACKAGE INFORMATION 





@ HD6303RP HD63A03RP $‘® HD6303RF, HD63A03RF, @ HD6303RCG, HD63A03RCG 
HD63BO3RP (DP-40) - HD63BO3RF (FP-54) HD63B03RCG (CG-40) 


89} <NC> 
148) <NC> 
«NC> 
46} <NC> 
45) 02/A2 
144) O3/As 

143] De/Aa - 
42] Ds/As 
141} Oe/As 
140) Dr/A> 
139] «NC» 
138] <NC> 
As 

36] As 

135) Ato 

134] <NC> 


«NC» 


! 
2 
3 
4 
5 


‘ 
d 
be | 

¢ 
d 
1 

] 
| 
. 

‘ 
a 
. 

$ 
a 





@ HD6303RCP, HD63A03RCP 
HD63B03RCP (CP-52) 


ai < 
S re s < 8 < “ [s < = S 
ZB vesuededav 
AT PLSLRBLICLALIL IST Kot ISLS} IS} IS} 
<NC> (@ C) aa) <NC> 
RES (9 45) D2/A2 
STBY [10] 44) D3/A3 
— P20 1 43) Da/Aa 
Pa; {2 a) <NC> 
P22 [13 (4) Ds/As 
P23 U4) 40) De/As 
P24 (5) 39] D7/A7 
<NC> 04 38] <NC> 
Ao/P10 As 
Ai/Pi1 [18 34 Ag 
A2/Pi2 (9 35} Ato 
<NC> Rd 34) <NC> 
a IS tS) SI lel BSI IS el IS I 
Anzteergus earn 
Soe ae ee 
Vectcacedc cd V 


Fig. 4-1-2 Pin Arrangement (Top View) 
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Unit: mm(inch) 


4.2 PACKAGE DIMENSIONS 
@ DP-40 


52.8(2.079) 











(0.528) 
14.6max. 
(0.575max.) 






(0.600) 


0.51 min 
(0.020min.) 
5.08max. 
(0.200max.) 



















2.54+0.25 0.48+0.1 ¢ s 9 253% 
(0.100 + 0.010) (0.019+0.004) SS O'~I5° 419.998) 
v5 (o 0\0 
@ FP-54 
25.6+0.4 
(1.008 + 0.016) 2.9max. 
(0.1 t4max.) 


19.6+0.4 
(0.772 + 0.016) 





(0.039 + 0.006) (0.014 + 0.004) 9.15 +0.05 


_ (0,006 + 0.002) 
1,740.3 | : 


(0.067 + 0.012) 


O~ 15 


@ CG-40 
12.19+0.3 
(0.480 +0.012) 







12.19+0.3 
(0.480 + 0.012) 


0.75max. 
(0.030max.) 





(0.040) 
2.35max 
(0.093max.) 





o be continued) 


cr 


Fig. 4-2 Package Information ( 
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~ 


Unit: mm(inch) 




























eCP-44 
17.53 +0.12(0.690 + 0.005) 
a =a 
8 s 
ba: ) 
H o 
3 7 
2 ° 
s S 
3S } 
4 o 
S wt 
“ =) 
o 8 
a 16.58(0.653) i) 
4 + 
=z oO 
S 
poten eaten $ 
ys 
03 | 1.27{0.050) | re 
™N 
15.50+ 0.50(0.610 + 0.020) 
eCcP-52 20.07+012 
(0.790 + 0.005) 













~ 
3 _ 
b= = |. 
Ss o =) 
~ w + in| 
als an = sl|c 
Pa be Ss t+ 
°o og 
HH ro Sof 
~~ wn So ol|m 
ol8 ~ HIG 
= 





4.4+0.2 
(0.173 +0.008) 










18.04+0.5 
(0.710 + 0.020) 


2.55 +0.15 


(0.100 + 0.006) 





Fig. 4-2 Package Information 


5. ELECTRICAL CHARACTERISTICS 


# ABSOLUTE MAXIMUM RATINGS 


Item Value Unit 
Operating Temperature O~ +70 ee 6 
Storage Temperature -55 ~ +150 | | °C 


(NOTE) This product has protection circuits in input pin from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout: Vsg & (Vin OF Vout) S Vec. 
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M ELECTRICAL CHARACTERISTICS (HD6301V1 and HD6303R) 
@ DC CHARACTERISTICS (Veg = 5.0V + 10%, f = 0.1 ~ 2.0 MHz, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Item Symbol 
Vec-0 
Veex0. 


= 0.5~Ve¢-0.5 


sy! Vin ‘< 0.5~Vcc-0.5 


Vin= OV, f=1.0MHz, 
Cir Ta=25°C 
Vi, (STBY) =0~0.6V 
Vin (RES) =Vcc-o5 ~ 


ax | Unit 


2 


RES, STBY " 
Cc 
Input “High” Voltage | EXTAL ae Vv 


Other Inputs 
Input ‘‘Low” Voltage All Inputs 


Input Leakage Current NMI, iRO,, RES, STBY 


Three State (off-state) Pig™Py7, Poo™ ie 
Leakage Current P39~P37, Pao Pa7, IS3 


Output ‘‘High’’ Voltage | All Outputs 


Output ‘’Low’’ Voltage | All | AllOutputs | Vo 


< 











z= 
> 





\ 

O;N 

wlo 
Slim 


= NO 


<|< < 


: = 
> 


—_ 
Dad 
o 
oO 
=a 


Input Capacitance All Inputs 


Standby Current Non Operation 


= 
ot 
(eo) 

— 
> 


Vit (RES) =O ~0.6V 
Operating (f = 1MHz**) 


¢ < 
= 


No 





Current Dissipation * 
e Icc Sleeping (f = 1MHz**) 


< 


< 
9) 
: O|N 
ro) 
o|> 
w 


nm |o 

o;oO 
3 
> 


RAM Stand-By Voltage VRAM 
*  VIH min = Voce -1.0V, Vi_ max = 0.8V A11 output pins have no load. 


** Current Dissipation of the operating or sleeping condition is proportional to the 
operating frequency. So the typ. or max. values about Current Dissipations at x 
MHz operation are decided according to the following formulas. 


typ. value (f = x MHz) = typ. value (f = 1MHz) xx 


max. value (f = x MHz) = max. value (f =1MHz) xx 
(both the sleeping and operating) 


PERIPHERAL PORT TIMING 
Item Symbol! Con- HD6303R iene Fan Reve ae Unit 
dition enfmnne typ | max| min | typ | max| | min | typ | max’ 


Peripheral Data. 
Sep Tine | Porth 2.84 SI Oeeceeceee 


Peripheral Data 

pais Tine | POP 1, 2,8,4 | teow iiSeeCoe oe : 
Delay Time, Enable Positive : 

Transition to OS3 Negative tosp1 : ns 





Transition 


Delay Time, Enable Positive Fi 

Transition to OS3 Positive tosp2 5 g: 

Transition fi 

Delay Time, Enable Nega-| port 1, Fig. 

tive Transition to Peri- 2" 3.4 tpwo 5-4 300 
pheral Data Valid ns 


Input Strobe Pulse Width Fig. | 200] — | — | 200] - | — | 200 
150) 
| _0| 


> 
n 


Input Data Hold Time | Port3 [ty FI, z|150| - | — | 150] - | - | 
Input Data Setup Time forts [ts [Fasef of T= [of = [= 


* Except P94 
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® AC CHARACTERISTICS (Vc = 5.0V + 10%, f = 0.1 ~ 2.0 MHz, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


BUS TIMING 
= | a | ee | 
Item Symbol! Con- , — Unit 
San [in| [ max min [ep [mae wn | | mae OM 


Address Strobe Pulse Width pw 
“High” ASH 
Address Strobe Rise Time ae 


Address Strobe Fall Time 


Address Strobe Delay Time ltasp 


Enable Rise Time 


Enable Fall Time tere | 
PWen | 





Enable Pulse Width “High” Level 
Enable Pulse Width “Low” Level 


Address Strobe to Enable Delay 
Time 


Address Delay Time tapi | ; 
[tang | 5-7, 7 | = | 280 | — | 
Address Delay Time for Latch tao. |Fig. ae ee ns 


Data Set-up Time 


Read 


Data Hold Time Write | 
Address Set-up Time for Latch 
Address Hold Time for Latch taHL 
Address Hold Time 

Ao ~ Az Set-up Time Before E tasm 


taH 

[tasm | 
Peripheral Read 
— == [so = [= Poe | == [a 
Oscillator stabilization Time Eig. | 20] -— | -— | 20;- | - | 20] - | - | s 
- Processor Control Set-up Time Fig. / 200] — | — | 200}- | - [200] - | - | ns 


fat 
Read [tosn 
ae 
fi 


pe | 
a 


3i3 
ain 


NO 
~ 
3 
pe) 
a 


3|2 


TIMER, SCI TIMING 


Item 
dition 


ic a 
Symbol |} Con- Eoesae Unit 
p 


[_min | typ | max_| min | max| 

Timer Input Pulse Width 7 eo eae ae | - |- | 

Delay Time, Enable Positive 

Transition to Timer Out ‘top 5—7 }— | 400} - | - | 400] - | - | 400 ie 

SC! Input Clock Cycle tgcyc | =| 20] — | -— [20] —_ p- | - | 
| 04 | - [06 [04 | — | = | 0.6 | 


SCI Input Clock Pulse Width =| tewscx 
MODE PROGRAMMING | 
RES “Low” Pulse Width 3 |=+|- [3 | 


Mode Programming Hold Time 
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Address Strobe 
(AS) 


D 
jo. PWey 
tAH 


R/W, Av~Ais 
(SC2) (Port 4} 





crate 
Oc) 


-——— 'tosA 


MCU Read Uy mae ra 
carey YY sic WN Vase 
(Port 3) Yf 0.8V 


0.8V 


tHR 


(taccm) 


Not Valid 





Fig. 5-1 Expanded Multiplexed Bus Timing 


| tAH 

Ao ~A; (Port 4) 2.4V : YY 

AAW (SC; Z (nD, Up | 
[OS (SC,) : 


~ OD 


(Port 3) 


ote {==} 
(Port 3) 
| *~tAH 
o_O =D 


VILL Not Valid 





Fig. 5-2 Expanded Non-Multiplexed Bus Timing 
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‘Tas Read ‘ 
[ MCU Write 





inputs 
Pea x boone V Data Valid 
“Port 3 Non-Latched Operation Note) Port 2: Except P,, 
Fig. 5-3 Port Data Set-up and Hold Times Fig. 5-4 Port Data Delay Times 
(MCU Read) (MCU Write) 


[ MCU Access of Port 3* 


Bcgress ($0006) 


a - t t 
083 oso1 ; OsD2 
2.4V 
0.8V 


*Access matches Output Strobe Select (OSS = 0, a read; 
OSS = 1, a write) 


_ inputs 0.8Vv 





Fig. 5-5 Port 3 Output Strobe Timing Fig. 5-6 Port 3 Latch Timing 
(Single Chip Mode) s (Single Chip Mode) 


Timer 
Counter 


Mode Inputs 
(Pig. Pay ’ P..) 


P, 1 
Output 





Fig. 5-8 Mode Programming Timing 
Fig. 5-7 Timer Output Timing 


Vec 


Rr =2.2k2 


(4.0k2 for E) 
Test Point 


182074 'H} 
or Equiv 


90 pF for Pio ~ P37, Pao ~~ Par, SC, ’ SC, 
30 pF for Pio ~ Piz, Pao ~ Pas 


40 pF forE 
12k 


Fig. 5-9 Bus Timing Test Loads (TTL Load) 
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6. APPLICATIONS 


6.1 Use of External Expanded Mode 


The HD6301V1 supports five operation modes 1, 2, 4, 5 and 6 as 


external expanded modes. Usage of these modes is detailed in 


the following paragraphs. 
(1) Non-multiplexed modes 


(a) Mode 1 (New Mode) 
In this mode, port 3 works as data bus, port 1 as 
lower address bus (Ap - A7), and port 4 as upper 
address bus (Ag - Ais). Since 16-bit addresses are 


sent out in parallel, the HD6301V1l can access to a 





65k memory space with no address latch externally 


under this mode. 


HD6301V1 MCU 


Address Address Data 
Bus Bus Bus 
(LSB) (MSB) 





Fig. 6-1-1 HD6301V1, Mode 1 
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In the case when a write operation is performed to 
the internal memory including I/O and registers, the 
same data is also written into the external memory 


located by the same address if a memory exists. 


In the case when a read operation is performed to the 
internal memory, however, only a data of the internal 
memory is read and no external data pointed by the 
same address is read. Read/write operation to the 
internal/external memory with the internal memory 
address range is also applied to the mode 2, 4, 5 and 
6. Under this mode, the internal mask ROM of which 
location is $F000 through $FFFF to address is no more 
accessable and an external memory can be accessed 


with this address range. 


After reset, Port 1 is a lower address bus (Ay - 


A7), Port 4 is a upper address bus (Ag - Ais). 


Mode 5 (Equivalent to Mode 5 of HD6801V) 


Port 3 works as data bus; and port 4 as address bus 
(Ap - A7) or input pin by DDR. In this mode, pin 


39 provides the result of the following decoding: 


Ais* Awe Ajg* Ais Ane Aio* Ag*As 


This output signal may be used as a chip select or 
chip enable signal permits to access an external 
memory up to 256 byte locations ($0100 - $01FF). 
The pin function of Port 4 can be changed from an 
address line to an input port in the case that 

the system does not need all of the 8 address lines 
by writing zero into the corresponding bit of Port 
4 DDR. 


An example of connection with PIA (HD6821, HD6321) 
is shown in Fig. 6-1-2. 


Do VD7 
PA) VPA? 
PB») VPB?7 


feet see 
decoder HD6321 


CA 
CB, 
CA> 
CB 





Fig. 6-1-2 Connection of HD6301V1 with PIA 


(2) Multiplex Modes (Modes 2, 4 & 6) 


Any multiplex mode provides a time multiplexed address 
and data on port 3. Therefore, an address latch is 
required externally. AS (Pin 39) signal is used for an 
address latch strobe. An example is illustrated in 


Fig. 6-1-3 to show how CMOS latch is used with the HD6301V1. 
It should be noted, however, that the output address from this latch 
is delayed. 
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HD14508B 


Address buses 
Ay to Ajz 


Data buses 
Do to D7 


Fig. 6-1-3 CMOS Latch 


For high-speed operation, 74LS373 or high speed CMOS 
latch (74HC373) is desirable to minimize the delay time. 


(a) Mode 2, 4 (Equivalent to Mode 2 of HD6801V) 


In this mode, the internal mask ROM ($F000 through 
$FFFF) is disabled and external memory becomes valid 


instead. Port 4 works as the upper address bus. 


(b) Mode 6 (Equivalent to Mode 6 of HD6801V) 


In this mode, the internal mask ROM is enabled. 
Port 4 works as address bus (Ag - Ais) input. 
Since Port 4 becomes input mode after reset, 
"1" must be written into DDR by program if it 


is required to use the port as address buses. 
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HD6301lv1 |Enable 
MCU 





Fig. 6-1-4 HD6301V1 MCU Expanded Multiplex Mode 
6.2 Standby Mode 


Bringing STBY "Low", the HD6301Vl goes into the Standby 
mode. In this mode, the CPU becomes reset and all 


Clocks of the HD6301V1l become inactive. 


The contents of the internal RAM is retained as long as Vac 
is supplied (Vaca > 2V). Under Standby Mode, memory back-up 
is possible with only a few uA of leakage current. With "1" 
level at STBY pin, the MCU exits from Standby Mode. 

When "1" level is ‘detected at STBY pin, a clock 

generator begins to oscillate and the internal reset 
condition is released. At this time, RES signal should be 


) 


set at "0" level for at least OSC stabilization time (tro 
before the CPU operation restarts. Otherwise, the normal 


operation is not guaranteed. 


A typical flowchart to use a Standby Mode is shown in Fig. 6-2-1. 


@ HITACHI 
195 


STBY ~ Mode 


Set NMI pin 
to "Low" 


NMI Routine 


l.Store the contents 
of registers into 
RAM (if necessary) 

2.Set each bit in 


RAM Control Status 
Register to 
RAME="0", STBY="1" 


ka 
3.SLP executed Restart Routine 


Test and judge STBY 
bit in RAM Control 
Set STBY pin Status Register 


to "Low" "L"?Vaqqwas supplied. 








"O"sV. was not 


ce supplied. 


Clock stops 





Set RES pin 
to "Low" 


Is the 
Standby 


mode 
released? 


( 


YES 


Set STBY pin 
to "High" 















Is the 
oscillation 
stable? 


7 


YES 


Set RES pin 
to "High" 
Fig. 6-2-1 Flowchart of Standby Mode Application 
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The timing relationship shown in Fig. 6-2-2 must be satisfied. 


; 


| 


er . — 
egister Save Oscillator Stabilization Time 


RAM Control Status 
Register Bits set 





Fig. 6-2-2 Timing Chart of Each Signal 


* Rither RES1 or STBYl1 can become "0" level as long as 


the execution time of NMI routine is guaranteed. 


Fig. 6-2-3 shows an example of a circuit to implement the timing 
sequence shown in the Fig. 6-2-2. 


System power line 


To other device 
of the system 


a> STBY1 


RES ] 
a> 


switch Tr 
1 


Ri< Ro, 
° > 
RL. c,.> 20ms 


HD6301V1 





Fig. 6-2-3 Example of Circuit Diagram for a Standby Operation 
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<Precaution for using Standby Power bit> 


The Standby power bit in the RAM control status register 
detects that Vcc is supplied or not. When the Vcc rise 

time is equal or less than 100us, the Standby power bit 

may not be cleared. To avoid this, the Vcc rise time should 
be more than 100us, for example, by using the larger 


bypass capasitor. 


6.3 Address Trap, OP-Code Trap Application 


The HD6301V1 facilitates two trap functions, the operation 
code trap and the address trap, to protect the HD6301V1 to 
proceed an erroneous operation. The operation code trap is 

a trap when an operation code currently fetched is illegal 

or undefined. Therefore, when undefined codes listed below 
are fetched, a trap is caused and the HD6301V1l avoids further 
erroneous operation. The priority level of the interrupt 
caused by this operation code trap is next to the RESET. 
Undefined codes of the HD6301V1 are: $00, $02, $03, $12, $13, 
$14, $15, $lc, $1D, $1E, $1F, $41, $42, $45, $4B, $4E, $51, 
$52, $55, $5B, $5E, $87, $8F, $C7, $CD and $CF. 


The address trap is a TRAP when an operation code is fetched 
from the memory area shown in Table 2-3-1. It should be 
noted, however, this function works only under op-code fetch 
(not for data access). Under the support of error processing 
program in trap service routine, the user can protect the 
system from further erroneous operation. If RTI instruction 
is executed at the end of the trap service routine, the 
program control returns to the location where the trap is 
caused previously and then another trap may be caused again. 
So, please take special care when a programmer uses this trap 


function. 
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6.4 Slow Memory Interface 


Here described is the example of clock width controll circuit 
and its timing chart, where E-clock high time is extended 


to assure enough access time. 


The expanded enable high pulse width (PW'_.), which is 


EH 
implemented by using the circuit shown below, is calculated 


as follows: 





PW = (Nt])°ty sno + PWoy S 10 - PWey (us) 
where n : Integer part of tit adcyc! 
raeye. 4g clock cycle time (us) 
PW : Enable High pulse width (us) _ 
PWor, : Enable Low pulse width (us) 
ty 2: approx. 0.45 - Coxt (PF) . Raye (K2) x 10°? (us) 


The circuit shown is for a reference purpose. It is assumed 


that users will refine it for actual design. 


HD6301V1 | 
decoder 


HD74LS123 HD74LS174 


To CS, etc. 





Fig. 6-4-1 Clock Control Circuit 
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PW' ey aa 
Address Valid 


a 
iz 
Address a few 4g 


t Sey, 
ACC 
bata {Tits 
By 


Q1 





Fig. 6-4-2 Clock Timing 
6.5 Interface to HN61256 
The examples of the interface to a slow memory device, 


HN61256 (CMOS 256k bit Mask programmable ROM), is described 
here. 


The AC characteristics and the access timing of the HN61256 is shown 
in Fig. 6-5-1. 


Item 
Read Cycle Time 
Address Access Time 
Chip Enable Access Time 
Data Hold Time from Address 
Address Set-up Time 
Address Hold Time 
Chip Enable ON Time 


Chip Enable OFF Time 





Fig. 6-5-1 AC Characteristics and Access Timing of HN61256 
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6.5.1 Use of Two Latches 


The two HD14508B are used in order to latch 16 bit address. 


An example of the program and its access timing chart are shown 
in Table 6-5-1 and Fig. 6-5-3, respectively. 


HD14508B 


HN61256 
HD6301V1 
(Single Chip Mode) 





Fig. 6-5-2 Using Two Latches 
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202 


Mnemonic 
LDAA 
STAA 
LDD 


STD 


LDD 


STD 


LDAA 
STAA 
LDAB 


STAB 
LDAA 


Table 6-5-1 An Example of the Program 


#$PF 
P4DDR 
#$ADDRS1 


PORT3 


i 
Ne FY 


#$ADDRS2 
PORT3 


#IMM1 
PORT3 
#$00 
P4DDR 
PORT4 


Cycles 


2 
3 
3 


PORT 4 is the output port. 

Data that is the address's upper 8 
bits including CS signal and changes 
STl into high and ST2 into low. 
Enables STl, disables ST2, and 
moves the address's upper 8 bits 
into PORT 4. | | 
Data that is the address's lower 
8 bits and changes STl into low 
and ST2 into high. 

Disables ST1, enables ST2, and 
stores the address's lower 8 bits 
into PORT 4. | | 
Data that changes ST1l and ST2 into 
low and CE into active. 

Disables ST1l and ST2 and enables 
CE. 


PORT 4 becomes the input port. 
Reads data. 
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€0¢ 


E 
Address 
A aVA lus CS 


Address 
AoVA?7 


ST, 
STo 


CE 


IHOVLIH @ 





Port 4 Read 


AgvA 4 ,CcS 


Fig. 6-5-3 Access Timing Chart 





6.5.2 Stretch of E clock 


Fig. 6-5-4 is an example circuitry to show how the E clock 
is stretched. 


The operation Mode of the HD6301V1 is in Mode 6; and the clock 
frequency of 4¢ is 4 MHz. 


$0000.$7FFF 
HN61256 
CS: Active-high 


HD6301V1 (Mode 6) LS173 CE: Active-low 


* 


The detail of this circuit is described in 
Fig. 6-4-1. | 





Fig. 6-5-5 HN61256 Read Timing 


: © HITACHI 
204 


In this example, PW. of which timing is extended by using 
the clock control circuit (Fig. 6-4-1) must be at least 

4 us. The LS173 is to assure enough address set up time 
(tac) of HN61256. 


6.6 Interface to the Realtime Clock (HD146818) 


The HD146818 (realtime clock + RAM : RTC) is ‘a CMOS micro- 
computer peripheral LSI that incorporates the clock and 
calendar functions to compute year, month, day, day of week, 
and time. When this HD146818 is interfaced to the HD6301V1, 
this LSI provides a real time clock information to be 


displayed. 


In addition to the real time clock function of the HD146818, 
this device also be utilized as a system interval timer and 
a square waves generator. An example of the interface 
between the HD146818 and the HD6301V1 is shown in Fig. 6-6-1. 

It can be interfaced under the expanded multiplexed mode 
(mode 4 or 6) of the HD6301V1. 
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tg 
O 
K 
ct 
P= 


cq 
> 
on 
-) 
sa) 
to 
je 
a 


HD146818P 


X-tal 
4.194304MHz 





Fig. 6-6-1 HD6301V1 MCU Expanded Multiplexed Mode Interface 


The calendar and clock display functions of HD146818 are 


shown below. 


SEC ALARM 
HOURS | 
i B 


14 bytes 


Oo ON HD UU fF WYN FE OO 
Binary/BCD 





O 
nn 
Cre) 





Fig. 6-6-2 HD146818 Built-in RAM Address Map 
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Table 6-6-1. HD146818 Time, Calendar, & Alarm Data Display 


Data range (Hexadecimal) 
HUNeEI OH Data range 
(Decimal) Binary data BCD data 
mode mode 

SECONDS 0 to 59 00 to 3B 00 to 59 
SECONDS ALARM 0 to 59 00 to 3B 00 to 59 
0 to 59 00 to 3B 00 to 59 
MINUTES ALARM 0 to 59 00 to 3B 00 to 59 


HOURS | 12-hour 1 to 12 O01 to 0C/ Ol to 12/ 
mode 8l to 8Cc* 81 to 92* 
| 




















Address 





1 
2 
3 











24-hour 0 to 23 00 to 17 00 to 23 
mode 
12-hour 1 to 12 
mode 

0 to 23 


1 to 31 Ol to 1F 01 to 31 
a a eco 















01 to 0C/ 
8l to 8C* 


00 to 17 


Ol to 12/ 
81 to 92* 


00 to 23 










00 to 63 





[Notes] 
*:; The most significant bit differentiates between AM 
and PM. That is, 0 = AM and 1 = PM. 
**:; 1 = Sunday, 2 = Monday, 3 = Tuesday, 4 = Wednesday, 


5 = Thursday, 6 = Friday, and 7 = Saturday 


***> This takes the lower two digits of the calendar year. 


The information of the calendar and the time are stored on 
the built-in RAM and updated every second. The built-in RAM 
includes not only the display RAM but also 50-byte user RAM 


which stores data necessary for the system. 


The HD6301V1 gets the calendar and time information by reading 
the built-in RAM of the HD146818. The HD146818 generates 
three different types of interrupts, update interrupt, alarm 
interrupt and periodic interrupt, to the HD6301V1. The 
HD6301V1 proceedes a service for each of these interrupt 


requests by a software control. 
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Such a combination of ‘the HD6301V1l and the HD146818 easily 

implements a compact real time system with reduced power 

dissipation. | 

Note: For details of the HD146818, refer to "HD146818 Data 
Sheet". 


6.7 Reference Data of Battery Service Life 


Fig. 6-7-1 shows the battery service life taken from a 
silver oxide battery: SR44W (by Hitachi Maxell). 


: Estimated 
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Fig. 6-7-1 Battery Service Life (Maxell SR44W) 
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7. PRECAUTIONS 


7.1 Write-Only Register 


When a write-only register such as the DDR of the port is 
read by the MPU, "$FF" always appears on the data bus. 

Note that when an instruction which reads the memory 
contents and does some arithmetic operation on the contents 
of the write-only register, it always gets $FF as the 
arithmetic and logical results. AIM, OIM and EIM instruc- 





tions are unable to apply especially for the bit mani- 
pulation of the DDR of the I/O port. 


7.2 Address Strobe (AS) 


The AS signal is used as an address latch strobe and is 
always accompanied with the E-clock. This means the AS is 
available in both Operation and Sleep Mode whenever the 
E-clock is generated. The AS signal is disabled in Mode 5, 
7 or under Standby Mode and the Pin 39 is used for other 
purposes in these cases. 


7.3 Mode O 


This mode is used for the test purpose only. It is not 


recommended to use this mode for the other purposes. 


7.4 Trap Interrupt 


When executing an RTI instruction at the end of the inter- 
rupt routine, trap interrupt different from other inter- 
rupts returns to the address where the trap interrupt was 
generated. Attention is necessary when using several trap 
interrupts in the program. See Fig. 7-4-1 and 7-4-2 for details. 
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Trap interrupt 





Fig. 7-4-1 Fetching an Undefined Op-code 


After executing OPn instruction, the HD6301V1l fetches and 
decodes an undefined op-code inside to generate a trap | 
interrupt. When RTI instruction is executed in this trap 
interrupt servicing routine, the HD6301V1 will set $FFO03 
in PC, fetch the undefined code again, generate a trap 


interrupt and repeat ABC endless-loop. 


Trap Trap 
address interrupt 





Fig. 7-4-2 Fetching Erroneously 


After performing BSR instruction, the branch destination 
address is output on an address bus to fetch the first 
op-code of a SUpTOuES ne: If $0001 is output as an 
address by some mistake the HD630iV1 decodes it inside 
and generates a trap interrupt. When RTI instruction is 
performed in this trap interrupt servicing routine, the 
HD6301V1 will set $0001 in PC and start from this address, 
which causes a trap interrupt again and repeat this 


endless-loop. 
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7.5 Power-on Reset 


At power-on it is necessary to hold RES "low" to reset the 
internal state of the device and to provide sufficient time 
for the oscillator to stabilize. Pay attention to the 


following. 


* Just after power-on, the MPU doesn't enter reset state 
a ee es, 
until the oscillation starts. This is because the reset 
Signal is input internally, with the clocked synchroniza- 


tion as shown below. 





Internal reset signal 


Inside the LSI 





Fig. 7-5-1 Reset Circuit | 


Thus, just after power-on the LSI state (I/O port, mode 
condition etc.) is unstable until the oscillation starts. 
If it is necessary to inform the LSI state to the ex- 
ternal devices during this period, it needs to be done 


by the external circuits. 


7.6 Precaution to the Board Design of Oscillation Circuit 


As shown in Fig. 7-6-1 there is a case that the cross- 

talk disturbs the normal oscillation if Signal lines are 
put near the oscillation circuit. When designing a 
board, pay attention to this. Crystal and Cy, must be 
put as near the HD6301V1 as possible. 
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20mm max 
Avoid signal lines 
in this area. 
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Fig. 7-6-1 Precaution to the Board 
Design of Oscillation Circuit 


(Top view) 





Fig. 7-6-2 Example of Oscillation 
Circuits in Board Design 
7.7 Application Note for High Speed System Design Using the HD6301V1 


This note describes the solutions of the potential problem 
caused by noise generation in the system using the HD6301V1. 


The CMOS ICs and LSIs featured by low power consumption and 
high noise immunity are generally considered to be enough 


with simply designed power source and the GND line. 


But this does not apply to the applications configured of 
high speed system or of high speed parts. Such high speed 
system may have a chance to work incorrectly because of the 
noise by the transient current generated during switching. 
The noise generation owing to the over current (Sometimes it 
may be several hundreds mA for peak level.) during switching 


may cause data write error. 


This noise problem may be observed only at the Expanded Mode 
(Mode 1, 2, 4, 5 and 6) of the HD6301V1. The Single Chip 


Mode (Mode 7) of the HD6301Vi has no such a problem. 
Assuming the HD6301Vl is used as CPU in a system. 
¢ : 

7.7.1 Noise Occurrence 


If the HD6301Vl is connected to high speed RAM, a write error 
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may occur. As shown in Fig. 7-7-1 the noise is generated in 

address bus during write cycle and data is written into an 
unexpected address from the HD6301V1l. This phenomenon causes 
random failures in systems whose data bus load capacitance 
exceeds the specification value (90 pF max.) and/or the impe- 
dance of the GND line is high. 


Cf 
AS / \ / 

R/W \ i 
(SC3 ) 


As~Ais : 
(Port 4) Me Noise 
Dy ~D> 

(Port 3) 


Fig. J-7-1 Noise Occurrence in Address Bus During Write Cycle 





If the data bus Do % D7 changes from "FF" to "00", extremely 
large transient current flows through the GND line. Then the 
noise is generated on the LSI's Vsg pins proportioning to the 
transient current and to the impedance (Zg) of the GND line. 


oO 
Qa 


| HD 6301V1 


Fig. 7-7-2 Noise Source 





This noise level, Vy, appears on all output pins on the LSI 
including the address bus. 


Fig. 7-7-3 shows the dependency of the noise voltage on the each 
parameter. 
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2g 


Vn: Noise Voltage 2g: GND !mpedance 
Cd: Data bus load capacitance 
N: Number of data bus lines switching from H to L 





Fig. 7-7-3 Dependency of the Noise Voltage on each Parameter 


7.7.2 Noise Protection 


To avoid the noise on the address bus during the system 
Operation mentioned before, there are two solutions as 


follows: 


The one method is to isolate the HD6301V1 from peripheral 
devices so that peripherals are not affected by the noise. 


The other is to reduce noise level to the extent of not af- 
fecting peripherals using analog method. 

(1) Noise Isolation | 
Addresses should be latched at the negative edge of the AS 
Signal or at the positive edge of the E signal. The 741LS373 


is often used in this case. 


Do ~ D, 








Pso~P37 Ayo ~ Ar 


HD6301V1 


< As ~ Ais 


“< Additional Latch 


(74LS373 for 
noise isolation) 
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2. Noise Reduction 


As the noise level depends on each parameter such Cd, Vac, 
Zg, the noise level can be reduced to the allowable level by 


controlling those analog parameters. 
(a) Transient Current Reduction 


(1) Reduce the data bus load capacitance. If large load 
Capacitance is expected, a bus buffer should be in- 


serted. 


(11) Lower the power supply voltage Vcc within specifi- 


cation. 


(111) Increase a time constant at transient state by insert- 
ing a resistor (100 ~ 2002) to Data Buses in series 


to keep noise level down. 


Table 8-1 shows the relationship between a series 
resistors and noise level or a resistor and DC/AC 


characteristics. 


HD6301V 1 





Table 7-1 


Noise Voltage Level | See Fig. 36 


f = 1 MHz No change 


| Seni. Cd eel ered 


























AC 
Charac- 
teristics 
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Fig. 7-7-4 shows an example of the dependency of the noise voltage on 
the load capacitance of the data bus.* 


Maximum allowed 
conditions load capacitance of 
the HD6301V1 
Cd = 90 pF specification 


_ 
ro) 


Cc 
> 
@ 
© 
= 
) 
> 
3 
° 
2 


o 
3) 


R: Series Resistor 


100 Cd (pF) 
Data bus load capacitance 





Fig. 7-7-4 


*Note: The value of series resistor should be carefully 
selected because it heavily depends on each parameter 


of actual application system. 


Fig. 7-7-5 shows the typical wave form of the noise. 





Fig. 7-7-5 
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(b) Reduction of GND line impedance 


(1) Widen the GND line width on the PC board. 
(ii) Place the HD6301V1 close by power source. 


(111) Insert a bypass capacitor between the Vec line and 
the GND of the HD6301V1. A tantalum capacitor (about 


O.luF) is effective on the reduction. 


Vec 
Power 
|, ee : 
Source fl 


(Recommended) 


Vec 
Source 
GND 


(Not recommended) 





Fig. 7-7-6 Layout of the HD6301V1 on the PC Board 
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Ti. 


(1) 


EPROM ON PACKAGE HD63P01M1 


sf 


Overview 


The HD63P01M1 is an 8-bit CMOS single-chip microcomputer unit, which 


can use 4k bytes or 8k bytes of EPROM on the package instead of 
internal ROM. The HD63P01M1 can be used to debug or emulate the 
HD6301V1 for software development. And also it can be used in 
low-volume production. 


Features 


@ Pin Compatible with HD6301V1 
On Chip Function Compatible with HD6301V1 
* 128 Bytes of RAM ( 
* 29 Parallel I/0 
* 2 Lines of Data Strobe 
¢ 16 Bit Programmable Timer 
¢ Serial Communiction Interface 
¢ 2 Interrupt Pins 
Low Power Consumption Mode 
Sleep Mode, Standby Mode 
Minimum Instruction cycle Time 
lus (f=1MHz) 
Bit Manipulation, Bit Test Instruction 
Protection from System Upset 
Address Trap, Op-Code Trap 
Applicable to 4k or 8k Bytes of EPROM 
4096 Bytes : HN482732A 
8192 Bytes : HN482764, HN27C64 


\ 


II. 1.5 MHz & 2 MHz Operation in Single Chip Mode of HD63P01M1 
HD63P01M1 now in mass production is guaranteed to be operated in 1 MHz. 
But if it satisfies the conditions below, it can be operated in up to 2 
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MHz. 
Note (1) 
Note (2) 


Note (3) 


Note (4) 


Only single chip mode (mode 7) is available. 
The access time is limited when the operating frequency is more than 1 
MHZ. So, use the EPROM which satisfies the condition below. 
While operating in 1.5 MHz, the access time must be less than or 
equal to 400 ns. 
While operating in 2 MHz, the access time must be less than or 
equal to 250 ns. 
Temperature Range : Ta=0°C-'70°C 
Operating Voltage : Vop=5V+10% 
This data is only for reference, and does not guarantee this 
characteristic. 
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(2) Pin Arrangement 


(Top View) 


(NOTE) EPROM is not included. 





(3) Dimensional Outline 


@ DC-40P 


poeseeesepooee 


(0.600) 


0.12 
0.2570 Os | 


airs 

x< 

0 

E 
w 
ro) 
N 
S 
— 
ans 
= 

E 
fas) 
oO 


2.54min. 7.5max. 


2.54+ 0.25 || 0.48 + 0.1 
(0.100 + 0.0!0) (0.019+ 0.004)" G (0.010°5 009) 


(0 





Note) Inch value indicated for your reference 
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(4) 
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Block Diagram 


e~ © 





APPPPPPPPPPPPyP 


| 


PPPO9P99 APPPPEREPPR PE © 





zF 


i? 


@ HITACHI 


(5) Memory Map and Operation Mode 


The operation mode of the HD63P01Ml1 is similar to the HD6301V1. 
As for the memory map, EPROM address space is 8k Bytes ($E000 
to $FFFF) in the HD63P01M1, while ROM address space is 4k 
Bytes ($F000 to $FFFF) in the HD6301V1. 


Mode 





‘HD63P01M1 ] 


HD63P01M1 
Mode 


Multiplexed Test mode Non-Multiplexed /Partial Decode 


po YY), Pceaonasttets - :Ypyy | Internal Registers 
External Memory Space ee External Memory Space 
$0080 


a 


External Memory Space 





External Memory Space 


$FEFREI2) 


[NOTES] [NOTE] 
1) Excludes the following addresses which may be Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and $OF. used externally; $00, $02, $04, $05, $06, $07 
2) Addresses $F FFE and $FFFF are considered and $OF. 
external tf accessed within 4 cycles after a 
positive edge of RES and internal at all other 
times. 
After 4 CPU cycles, there must be no overlap- 
ping of internal and external memory spaces to 
avoid driving the data bus with more than one 
device. 
This mode is the only mode which is used for 
testing. 





(to be continued) 
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HD63P01M1 HD63P01M1 ; HD63P01M1 
Mode Mode Mode 


ED 


$0000 7 $0000 
WY Internal Registers WUUA Internal Registers 
$001F cd SOO1F ; 
nusable 
ae External Memory Space | 
$0080 


G7 0 Za) 


External Memory Space 


Multiplexed/RAM Non-Multiplexed/Partial Decode 


$0080 


$OOF F \ 
SO1F F 


Unusable 
External Memory Space 


EPROM 


SFFFF 
SFFFF Internal Interrupt Vectors 


[NOTE] Excludes the following address which 


may be used externally; $04, $05, $06, [NOTE] Excludes $04, $06, SOF. 
$07. $OF These address cannot be used 


externally. 





F (to be continued) 
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HD63P01M1 
Mode 


Multiplexed/Partial Decode 


Ne WML | Internal Registers 
ee eae External Memory Space 


$0080 YY Internal RAM 


SOOF F 


External Memory Space 


SFFFF 7 Internal Interrupt Vectors 


(NOTE) 
Excludes the following address which may be 
used externally: $04, $06, SOF. 





$0000 
$001F 


$0080 


SOOF F 
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HD63P01M1 
Mode 


Single Chip 


Internal Registers 


Unusable 


| Internal RAM 


Unusable 


EPROM 


Internal Interrupt Vectors 
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2. Precautions to Use the HD63PO1M1 


(1) Precaution to Emulate the HD6301V1 by HD63P01M1 


Please use 4k bytes of EPROM address space located from $F000 
through $FFFF. But do not use 4k bytes from $E000 through 
$EFFF because these addresses are internal for the HD63PO0OI1MI1, 
while these are external for the HD6301Vv1. 


(2) Precaution to Use the EPROM On-Package 8-bit Single Chip 
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Microcomputer 
Please pay attention to the followings, since this MCU has 


special structure with pin socket on the package. 


(a) Don't apply high static voltage or surge voltage over 
MAXIMUM RATINGS to the socket pins as well as the LSI 
pins. If not, that may cause permanent damage to the 


device. 


(b) When using 32k EPROM (24 pin), insert it On the mark side 


and let the four above pins open. 


4 Pins (On index side) open. 


090; 


24 Pin EPROM should be inserted 
on the mark side with 4 above open. 


12) 
1@) 
le) 
Oo 
Oo 
(2) 
(e) 
oO 
Oo 
ie) 
oO 
Oo 


3A2 JAPAN [J 
pe3Poimt [-] 





(C) When using this in production like mask ROM type single 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket 


pins. 


(1) When soldering the LSI on a print circuit board, the 
recommended condition is 
Temperature : lower than 250°C 


Time : within 10 sec. 
(ii) Note that the detergent or coating will not get in 


the socket during flux washing or board coating after 
soldering, because that may cause bad effect on 


socket contact. 
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(iii) Avoid permanent application of this under the condi- 


tion of vibratory place and system. 


(iv) The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one 


when applied in production. 


Ask our sales agent about anything unclear. 
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II PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT SYSTEM 


l. Overview 


The cross assembler and the hardware emulator using various 
types of computer are prepared by the company as supporting 
systems to develop user's programs. User's programs are mask 
programmed into the ROM and delivered as the LSI by the 
company. 


Fig. II-1l shows the typical program design procedure and 
Table II-l shows the system development support tool for 
the HD6301V1 which are used in these processes. 


Start 









Allocation of 
RAM and I/O 


® 

@ 

Ka d 
Source Tape 

Assemble ® 


EPROM <SS 
4 Object Program 
Na. 5S 


eo 


Hardware G) 
Simulation Emulator 


EPROM on-chip LSI, HD63701V0C 
EPROM on-package LSI, 
HD63P01M1 


Text Editor/CRT Editor 


Host computer 


Cross Assembler 


See 


Host computer 


Yes 


Mass 
Production 


Fig. II-1 Program Design Procedure 


(Explanation) 


GQ) When the user programs the system using the HD6301V1 
series, a functional assignment of each I/O pin and an 
allocation of RAM area should be specified adjusting to 


designed system before actual programming. 


(2) A flowchart is designed to implement the functions and 
it is coded by using the HD6301V1 mnemonic code. 
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GB) Write the software coded according to the flowchart on a 


floppy disk to make a source program. 


) Assemble the source program to generate an object program 


using a computer. Assembly errors are also detected. 


G) Verify the program through hardware emulation with an 
emulator, EPROM on-chip or EPROM on-package type 


microcomputer. 


6) Send the completed program to the company in the form of 
EPROM. Send "Single-chip microcomputer order specifica- 


tion" and "Mask option list" at that time. 


@) ROM and mask option are masked by the company. LSI is 
testatively produced and the sample is handed in to the 
user. If a user doesn't see any problem in programming, 


mass production can be started. 
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Table II-1] Support Tools 





Emulator EPROM on- EPROM on-chip LSI Program- EPROM on- IBM PC - IBM PC 
chip LSI ming Socket Adapter package LSI | cross assembler | C Compiler 


HD6301V1, HB1MIX4 HD63701V0C H31VSAO1A HD63P01M1 S31IBMPC US31PCLI1SF 
HD6303R, | (HS31VEMLO4H) 
HD6303R1 





HD6301V1 and HD6303R Development Tools 
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2. Single Chip Microcomputer ROM Ordering Procedure 


(1) Development Flowchart 


Single chip microcomputer device is developed according to 


the following flowchart after program development. 


@ ROM code *1 
@) Mask Option List *2 


¥1 2 sets of EPROM 

















¥2 Part specific 






*3 Generic for Hitachi 


@) Ordering Specifica- 
microcomputers 


tions *3 








Computer processing 


ROM code for confirma- 
tion of ROM fabricating 
specifications *4 







The same ROM code as 
submitted 


*¥5 Send it back after 
approving 
































OK Y 


(4) Verification Listing 
*5 









*6 3 pes 


¥*7 Start the following 
flowchart after approving 








¥8 Send back signed working 
sample approval form 






10 pes 








Working Sample (WS) 
*6 








(5) Confirmation of func- 
tion, characteristics 
Edy PO 
















OK 
Engineering Sample (ES) : 
a9 





Confirmation of func- 
tion, characteristics, 
quality 














Commercial Sample (CS)] | 


(END) 








(Note) Please send in @ ; Q) , and @)at ROM ordering, and send back @) ’ 6) 


after approving. 


Device Development Flowchart 
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(2) Data you send and precautions 


(a) Ordering specifications ----- Common style for all Hitachi 
single chip microcomputer 
devices. Please enter as 
for the followings. The 
format is shown in the next 
page. 

Basic ITEM 


Environment Check List 


Check List of attached data 


Customer 





(b) ROM code ----- Please send in the ordering ROM code by 2 
| sets of EPROM the same contents are written. 
Enter ROM code No. in them. It is de- 
Sirable to send in program list for easy 


confirmation of the program contents. 


(3) Change of ROM code 


Note that if you change the ROM code once sended in or other 
specification, the ROM must be developed from the beginning. 


The cost of mask charge should be provided again in this case. 


(4) Samples and Mass production 


(Working Sample) ----------- Sample for confirmation of the 
contents of ROM code and that 
of mask option. Normally 3 samples 
are sent, but not guaranteed as for 
reliability. Please evaluate and 
approve immediately because the 
following sample making and mass 
production are set about after 


obtaining your evaluation. 


(Engineering Sample) ------- Sample for evaluating also re- 
liability. 10 pcs are included 


in mask charge. 
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(Commercial Sample) -------- Samples for pre-production which 
maybe purchased separately. 


(Mass Product) ------------- Products for actual mass produc- 
tion. Please enter the plan of 


mass production in full. 
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II 2.5 HD6301V1 
ORDERING SPECIFICATIONS 


(1) GENERAL CHARACTERISTICS (Fill in blank space or check approp 


femme [ 
| Device 
Type 
Application 
(be specific) 
Customer 
ROM Code ID 


riate box |_X].) 


[__] pp-40 [| cp-44 
L_] rp-s4 [_] cp-s2 
[ |cc-40 















Package Outline 
(See page 183.) 

















Options/Remarks: 


ZTAT ™ 
Ce ON 
ROM Code LJ EPROM Must Specify; Customer Programmed Start Address 


Media [] ZTAT Customer Programmed Stop Address 


eratin 
Ce L_] Standard [] J(-40° C to +85° C) version if offered 


Remask [ ] Yes. L_] No Previous Elica PUN cc a 


(2) OPERATING CHARACTERISTICS (Fill in blank space or appropriate box .) 


LSI Typical Target Level | 
Se, pepe eee | Qe 


Temperature Range L ee =e) 500 Fit 
LSI Typical | | Acceptable [] 0.25% |_| ¢ ) 
Quality Major [] 0.65% [] ( 
[| %-_% | Level 
Duration Specify MHz or KHz 


°C 
°C- °C 
% 
Jo- % 
Remarks: 
| Voltage To 
, 


(3) ELECTRICAL CHARACTERISTICS (Fill in blank space or check appropriate box [x ].) 


[] Purchasing Specifications | [ ] Hitachi's Standard Specifications 


Refer To Data Sheet: 


For Hitachi Use Only 
(4) CUSTOMER APPROVAL ___ | (5) ROM CODE VERIFICATION 


Shipping Date of 
i/ROM To Customer 
Approved Date of 
ROM From Customer 


























Customer Name 
| PO# 
Approved By (print) 






| Approved By (signature) 


Date 
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III Q&A 


Theme Question | 





Process to Use 
a Port as an 
Outputs 


Relation between 
Writing into the 
FRC and SCI 
Operation 


IHOVLIH © 


Writing into the 
FRC during Seria 
Receive/Transmit 


When using an I/O port as an output, 
is the data stored to the Data 
Register or is the Data Direction 
Register (DDR) set at first? 


How are writing into the timer Free 
Running Counter(FRC) and the Serial 
Communication Interface(SCI) related? 


Is it prohibited to write data into 
the Free Running Counter(FRC) during 
serial receive/transmit? 


Answer 





Store the data to the Data Register at first and then set 
DDR (DDR=1); if not, unknown data is output from the 


port. 


The source of the clock input to the SCI Shift Registers 
is the timer FRC. 

Therefore, if new data is written into the FRC, SCI 
operations are disturbed. 

See the following diagram. 


$09,$0A 


R/W Receive Shift 
Register 
ESL FRc] JL Baud Rate 
acini ——*"|Generator 


Transmit Shift 
Register 





* A write into the FRC is prohibited during SCI operations. 


Yes. If data is written into the FRC during serial 
receive/transmit, the FRC stops counting up and the baud 
rate changes. 

In condition other than serial receive/transmit, it's 
possible to write. 













































i) 
: 
Receive Shift 
Register 
E | FRC | Baud Rate 
See eee Generator 
Transmit Shift 
Register 
The counter stops 
and the baud rate 
changes. 
@ RDRF State When What is the state of the Receive Data When the wake-up flag is set (WU=1) the RDRF flag 
SCI Receiving Register Full (RDRF) flag when the cannot be set. (RDRF=0) 
sa HD6301V1/HD6303R SCI can receive 
= signals (RE=l) and the wake-up flag 
> (WU bit) is set? 
0 TRCSR 
iL 


7 6 5 4 #3 2 #1 «0 
$0011 | RDRFJORFE|TDRE|RIE [RE [TIE [TE | wu | 


m4 us 1 





GE 


: 
0 





Serial I/O The serial I/O does not operate Just after the initializatian of serial I/O, the data 
Operation Satisfactorily. Initialization does transmit is not operative during 10 cycles of Baud Rate 
not seem to be wrong, but the data is after setting the TE. The reason is as follows. 
not transmitted. What is wrong? Setting the transmit enable bit (TE bit) causes ten 
consecutive "1" of preamble and makes the transmitter 
section operative. In other words, the transmitter 
section gets ready after one frame (10 bits) transmitt- 
ing time according to the Baud rate. 

(ex.) When the Baud rate is set to 9600 Baud (104.2us 

at 1 bit), 













































Initialize by User Program : 
(1) Set the Rate/Mode Control Register 
(RMCR) to the desired operation. 
(2) Set the Transmit/Receive Control 
Status Register (TRCSR) to the 
desired operation. 









Set the Baud rate Set TE Transmit OK 





——104.2us <x 10=1.042ms,}~+— 
V/A: Transmit Inoperative Period 













Preamble Causing Period 
1.042ms after setting the TE, the transmitter section 
is operative. 












Serial I/0o 
Register Read 


The TDRE flag shows if the TDRE register is empty or 
not. When writing a data to the TDR with TDRE=1, it's 
not necessary to check the TDRE. But reading the TDRE 
flag tells us the contents of TDR. For example, when 
new data is written to the TDR with TDRE "O"(TDR 
already has a data), the old data will be erased. 

When the transfer interval is long enough compared with 
the Baud rate, there's no problem. However, check 
TRCSR if possible. 


When transmitting the data, is reading 
the Transmit/Receive Control Register 
(TRCSR) required? 

When the transfer interval is long enough 
compared with the Baud rate, Transmit 
Data Register Empty (TDRE) will be set. 
In that case, are there any problems 

when transmitting data without checking 
the TDRE flag in the TRCSR? 
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Theme Question Answer 


Detection of the | 
HD6301V1 Serial (1) What is the relation between the The serial sampling clock frequency is eight times the 
Start Bit HD6301V1 serial sampling clock baud rate. 


s 
EE eAMENCY (ane ENS ave zee. (2) "Sampling error" means receive margin at the serial 


(2) What does "Sampling error" mean ? operation time. 


Receive margin: 
The HD6301V1 detects the start bit and samples the data 
bit using the falling edge of the sampling clock. 
The general equation is shown as follows. 


General equation 
M = [(0.5-1/N) - (D-0.5)/N - (L-0.5)F ] x 100 (%) 
M: Receive margin 
N: Ratio of baud rate to sampling clock (0 to 0.5) 
D: Duty of the longer sampling clock of "H", and 
es Pi! 
L: Frame length (7 to 12 bits) 
F: Absolute value of deviation of sampling clock 
frequency 


Abbreviated equation 
M = (0.5-1/N) x 100 (3%) 
Conditions: D = 0.5, F = 0 


aN | 16 {| 32 ~| 64 | Note 





M |37.5| 43.75 |46.875 | 48.4375 | In the HD6301V1, N=8. 
(%) (Fig.1) 


Figure l 


Clock 


143.75% 
H 
Start bit 


Start bit sampling 


LES? 


> 
0 
z 





Theme Question Answer 


When the FRC of the HD6301V1/HD6303R is 
read with the double byte load instruc- 
tions (2 cycle execution for FRC read- 
ing), is it read correctly? 

Double byte load instructions require 
two cycles to be executed and the cycle 
to read the low byte of FRC becomes the 
next cycle of the high byte. 

Is it OK ? 














The FRC of the HD6301V1/HD6303R contains a parallel 
temporary register. When the high byte of the FRC is 
read, the low byte is set in the temporary register. 
The Low byte data in the temporary register is set to 
the AccD at the next cycle. Therefore, it is possible 
to read the FRC correctly. 


Free Running 
Counter Read 

































High Read; Low ea, 


























(EX) | 
'High Read! Low Read! 
E | Temporaly itd 
FRC (1 cycle) | (2 cycle), Register | 
($09, $0A) | $F 7FF | $F800 
yy Read Data 
AcceD 






AccD 






(When reading $F7FF from the counter) 





(When reading $F7FF from the counter) 



















What is the difference between the 
HD6801V and HD6301V1l in writing data 
into the free running counter ? 


The FRC preset method of the HD6801V is different from 
the HD6301V1. 


Preset Method 
HD6801V The FRC is always preset to "$FFF8". 


HD6301V1 1. Writing to the high byte presets the FRC 


Preset Method of | 
the Free Running 
Counter 


















to $FFF8. 






2. The FRC is set to desirable data by a 
double byte store instruction. 
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(1) The HD6801V Preset Method 






| | 
$09Write | $0AWrite! LDD #$5AF3 








r ($5A) | ($F3) ! ~“stp $09 
Bo ee ee a 
| ! 
FRC ! | $FFF8 | $FFF9! $FFFAI—> 


The FRC is always preset to $FFF8. 


(2) The HD6301V1 Preset Method 
l. $FFF8 



















$09write LDD #$5AF3 
($5A) ““staa $09 
E | 


FRC ! $FFF8 $FFFO | $FFFA|—> 
1 1 
Writing to the high byte presets the FRC to $FFFS8. 


2. Optional valve (In this case $5AF3) 


Loowrite | SOAWrite) __IDD #$5AF3 


; ($5A) | eer | STD $09 
] | 





| ] 
FRC | | $FFFS | $5aF3 | $5ar4|—» 


The FRC is set to desirable data ($5AF3) by a double 
byte store instruction. 











Output of Address|Is AS always output when using the 
Strobes (AS) in HD6301Vl in the expanded multiplexed 
the Multiplexed mode (mode 2, 4, 6)? 
Mode 


Yes. AS is always output in the expanded multiplexed 
mode, even when the MPU accesses the internal RAM, ROM, 
etc. 






6E¢ 
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(1) Is IRQi ignored when the Condition 
Code Register I mask is set? 









(1) If the Condition Code Register I mask is set, IRQ) 


IRQi1 Acceptance 
is completely ignored. 


















(2) After the I mask is reset, will 
the interrupt sequence start by 
the interrupt request flag having 
been latched? 


(2) With the I mask set, the interrupt request flag will 
not be latched. 











(1) (2) 
Reset starts Reset starts 





CLI 







IRQ1 is ignored. IRQ:1 is ignored. 









In the routine below, when is the 
next timer interrupt accepted? 


Timer Interrupt 
and External 
Interrupt 


The next timer interrupt is accepted in the main routine 
just after RTI instruction execution. 



























Main Timer (OCI) External 
Routine Routine Interrupt : . 
: ao Main Timer (OCI) External Interrupt 
(Execution time (IRQ) Routine : 
Routine Routine (IRQ) Routine 


=1.5ms) (Execution 
time=3ms) 














Read the TCSR 
Store 2.6ms at timer 
period to the OCR 











Execution time 
is longer than 
































Next timer inter- Request 

Timer rupt period. ; 

Inter- ie Next Timer 
rupt (OCI) Routine 
Request 





RTI 





Ove 
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Theme Question Answer 


IRQ, Interrupt 
and Other 
Interrupts 


TRQ, pin (pin 5) is held at low for 
10us but an interrupt does not occur. 
What should be done to generate an 
interrupt sequence? 


(1) IRQ; is a level sensitive interrupt pin which needs 
a minimum of 2 machine cycles (2us at 1MHzZ) to accept an 
interrupt. However, if another interrupt has been 
already generated, no interrupt request is accepted with 
IRQ] at low for 10us. 

In such a case, IRQ; Should be held at low until the 
request is accepted. 


e-2 machine cyc les 
1 | 


(2) In this case, as a timer interrupt is executed the 
interrupt mask is automatically set. So IRQ, is ignored. 


See the followings for the illustration of IRQ, and other 
interrupts and a countermeasure. 
TRO] and Other Interrupts 


Main Timer IRQ, 
Routine Routine 


\ 


be wwe www ewe wea Dd 


IRQ, Interrupt 
Request 


IRQ; is 
ignored. 
Countermeasure 


Clear the I mask at the beginning of the timer 
interrupt routine. 
Main Timer IRQ, 
Routine Routine Routine 


CcLI* 


IRQ, is acceptable. 
*CLI : Clears the interrupt mask (I=0). 
With this method, note the following ; 
(1) IRQ, may be ignored when the request occurs during 
timer interrupt vectoring. 
(2) Interrupts form NMI or SWI are excluded. 
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Theme Question Answer 


In the HD6301V1, a timer interrupt 









CLI Instruction 
and Interrupt 
Operation 


To accept an interrupt, two machine cycles are necessary 

is not accepted in the following between CLI and SEI. That is, in this program, two NOP 

program. Is there any problem? instructions are necessary. The same thing can be said 

age re when using TAP for CLI and SEI. 

Main Routine | 
LO1l CLI 

NOP | 

SEL ) 

| 

| 






































Using CLI Using TAP 
TAP (Clears the I mask) 





(Sets the I mask) 


It changes synchronously with the falling edge ({) of the 
EXTAL clock. 








Relation between 
the External 
Clock (EXTAL 
Clock) and 
Enable Clock 

(E Clock) 











With which edges of the EXTAL clock 
does the E clock change synchronously, 
rising edge (+) or falling edge (})? 



















Constants of the 
Reset Circuit 







Capacitor Cr does not have upper limit because of the 
Schmitt trigger circuit provided with the RES. 
Available if Rr-Cr>>20ms 

To the system power supply 


Does the capacitor of the recommended 
reset circuit in the HD6303R (HD6301V1) 
have an upper limit? 













To 
peripherals 






HD6301V 





R]“ Ro,Ry°Cy20n5 









Zebe 


IHOVLIH © 





Theme ,Question Answer 


Port Output 
After Resetting 


Schmitt Trigger 
Circuit of STBY 


Return from 
Standby Mode 


Going into the 
Standby Mode 


What data does a port output when the 
Data Direction Register (DDR) =1 
after resetting? 


Is the Schmitt trigger circuit 
provided with the HD6301V1 STBY? 


What occurs when returning from the 
standby mode without using RES? 


Does the CPU go into the standby mode 
after current instruction execution 
is completed? 





After resetting, since the Data Register of a port is 
undefined, undefined data is output when the DDR=1. 
Input definite data by programming in the Data Register 
before setting the DDR=1. 


The CPU does not operate normally because the contents 
of each register are not definite. 

Therefore, always use the RES when returning from the 
standby mode. 


No. Because there is no connection between the instruc- 
tion execution sequence and the standby mode. That is, 
when the STBY pin goes into "Low", the state is latched 
at the next rising edge of E clock. Then the internal 
registers are reset at the next falling edge. 


Internal registers 
are reset. 


ove 
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|Usage of EPROM 


Timing for the 
Standby Mode 























The timing for the standby mode is 
shown in the HD6301V user's manual. 
T, is not defined. How long is T,? 


NE A aie 
aan | 
ES ey ee 
— | 
cereale SS a aici 
| 
! 
—>| le po Toe 


| 
RAM Control | 
Register Set Reset Start 


After the RAM Control Register is set in the NMI routine, 
either STBY or RES can be in the low state with no 
priority. 





OOO 


T2 : Oscillation Stabilization Time 




























Are the data buses of the EPROM 
socket pins for the HD63P01M bi- 
directional in order to access not 
only the EPROM but the RAM? 


The data bus output from EPROM socket pins for the 


socket Pins for HD63P01M is Read only. 


the HD63P01M 
(No.1) 





















Usage of EPROM 
socket Pins for 
the HD63P01M 

(No.2) 


In EPROM socket pins for the HD63P01M 
what is CE composed of? 


’ 


CE is a NAND circuit of the address bus (Aj3 to A,cs) and 
the MCU internal R/W signal. 

(Refer below.) 

Therefore, CE does not output in the dummy cycle. 

(When not accessing EPROM of HD63P01M) 
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Usage of EPROM 
Socket Pins for 
the HD63P01M 
(No. 3) 


With EPROM socket pins for the 

HD63POI1M, 

(1) Can pins drive one TTL load or 
more? 

(2) If not, what can pins drive? 








cif 





How the bit manipulation instructions 
of the HD6301V should be written? 


Usage of Bit 
Manipulator 
Instructions 












(1) The current of each pin is too little to drive one 


TTL load. 


(2) Each pin can drive one NMOS load. 


They are written as follows; 


Immediate Data Address 


(Direct Addressing) 
(Index Addressing) 


Index Register 


This is an example of OR operation of the immediate data 
and the memory and storing the result in the memory. 
The HD6301V has the following bit manipulation 


instructions. 
OIM .... (IMM) - 
AIM .... 
EIM .... 
TIM .... (IMM) °- 


(M) —> (M) 
(IMM) + (M) —»(M) 
(IMM) G) (M) —>(M) 
(M) 


These instructions are written in the same way. 


The following bit manipulations have different mnumonics 


in the same OP code. 


Mnumonics 





Bit Manipulation Instruction 





Function 


0 Mi 


‘The memory bit i(i=0 to 7) is 


cleared and the other bits 
don't change. 


1 »Mi- 
The memory bit i(i=0 to 7) is 
set and the other bits don't 
change. 





(CP) 
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Sve 


Answer 





Mi >Mi 

The memory bit i(i=0 to 7) is 
inverted and the other bits 
don't change. 


1° Mi 

AND operation test of the 
memory bit i(i=0 to 7) and 
"1" is executed and its 
corresponding condition code 
is changed. 


Direct Index 
Addressing Addressing 


The mnumonics mentioned above can be written as follows. 


BCLR 3,$10 ~<®»AIM #$F7, $10 (Direct Addressing) 
BCLR 3,$10,X<AIM #$F7, $10,X (Index Addressing) 


BSET 3,$10 ~<®OIM #$08, $10 (Direct Addressing) 
BSET 3,$10,X“*OIM #$08, $10,X (Index Addressing) 


Bit Address Index Register 








9V¢e 
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Are the bit manipulation instructions 
(AIM, OIM, EIM, TIM) executable when 
a port is in the output state 

(DDR=1) ? 







Usage of Bit 
Manipulation 
Instructions to 
the Port 


It can be used if the port is in the output state 
(DDR=1). However, the bit manipulation instruction 
is executed as follows ; 








l Reads specified address. 
2 Executes logical operation. 
3 Writes the result into the specified address. 










Since the specified address(l1) reads the pin state of 
the port, the data is influenced by the pins even if 
any data is output from the port. 





The external RAM can be accessed; the internal RAM 
is neither readable nor writable when the RAME bit 
is disabled. 


When executing a program with the RAME 
bit of the RAM Control Register 
disabled, 







RAM Access 
Disable during 
Program 
Execution 





























(1) What occurs if the internal RAM 
address is accessed? 

(2) What occurs if the interrupt 

requests are generated? 


(2) If there is no stacking area other than the internal 
RAM, the MPU will burst when returning from the 
interrupt sequence. 


HD6301 /HD6303 SERIES HANDBOOK 


Section Four 


ra é ‘ : » 
ot |) 
. AY 


User’s Manual 
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1. OVERVIEW 


1.1 Features of HD63701V0 


The HD63701V0O provides the following features: 


- Compatible with the HD6301V 


die 


Expanded instruction set of the HD6801 family 
Abundant on-chip functions compatible witth the HD6801/ 
HD6301 family: 4k-byte of EPROM, 192-byte of RAM, 29 
parallel I/O Lines, 2 data strobe Lines, 16-bit timer, 
serial communciation interface 

Low power consumption mode: sleep/standby mode 
Minimum instruction execution time: lus (f£ = 1MHz), 
0.67us (£=1.5MHZ), 0O.5us (£=2MHz) 

Bit manipulation and bit test instruction 

Error detection: Address trap and op-code trap 
Address space up to 65k words 

Wide operation range: 

f = 0.1 to 2.0MHz (Voc = 5V + 10%) 

TTL compatible input/output 


Block Diagram 


A block diagram of HD63701V0O is given in Fig. 1-2-1. 


PROM MODE 


PROM MODE 





Fig. 1-2-1 HD63701V0 Block Diagram 
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1.3 Functional Pin Description 


Table 1-3-1 lists the pin functions. Refer to "2. INTERNAL 
ARCHITECTURE" for more details. 


Table 1-3-1 Pin Functions. 


Function 


Crystal connection pin. When external clock is used, input it to 
EXTAL, and XTAL should be open. 


Reset input pin. When this pin is asserted "Low", MCU is set to 
reset state. 


When this pin is asserted "Low", MCU is set 
to standby state. . 


Edge sensitive (negative edge) non-maskable interrupt input pin. 


System clock output pin. The frequency is 1/4 of the crystal 
/oscillator frequency. 


5-bit I/O port Timer input-capture input pin 
| Timer output~-compare output pin 
P»2/SCLK SCI clock I/O port 
Po 3/RX SCI receiving pin 


Ps, /TX SCI transmitting pin 


Following pins function depending on each operation mode 


[Mode 0,2 | Model | wode 5 | 


B-bit Lower address] 8-bit 
Data (DoD7) - Data (Do%D7) 
Lower address Lower address 
(AgVA7) (AovA7) 
Multiplexed Multiplexed 
Bus Bus 


| | - Lower address|Upper address 
ee ackad ie “(Ao¥A7) or | (As¥Ais) or 8-bit 
eee | Input~only Input-only I/o port 
pin pin - 


Address strobe I/O strobe  |Address strobe Input strobe 
(AS) output {TOS) output (AS) output (IS3) output 
pin pin pin pin 
Read/write . 


i : a ay i utput strobe 
signal j 
(R/W) output : O55) output 
pin | pin 
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2. INTERNAL ARCHITECTURE 


This section describes the HD63701VO internal architecture. 


2.1 Mode Selection 


After the MCU is reset, a user must determine the operation 
mode of the HD63701V0 by strapping three pins and which are 
connected by hardware externally. 


Individual signals on the above three pins are latched into the 
program control bits PC2, PCl and PCO of I/O port 2 Data 
register, when the RES signal goes "High". The bit assignment 


of the Port 2 Data Register is shown below. 


Port 2 Data Register 


7 6 5 4 3 2 1 0 


An example of an external circuit for mode selection is 


$0003 


shown in Fig. 2-1-1. The HD14053B may be used to separate 
the MCU from its peripheral devices during reset (Data 
confliction should be avoided between the peripheral devices 
and mode selection circuit). Because bits 5, 6 and 7 of 
port 2 are for read only, so the operation mode cannot be 
altered by software. The mode selection in the HD63701V0 is 


summarized in Table 2-1-1. 
The HD63701V0 has three basic operation modes: 


1) Single chip mode 


2) Expanded multiplexed mode 
(Bus Compatible with HMCS6800 peripheral LSIs) 


3) Expanded non-multiplexed mode 
(Bus Compatible with HMCS6800 peripheral LSIs) 
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Truth Table 


Control Input 


On Switch 


| | Binary to 1-of-2 
bak: Inhibit 
|_| Decoder with ee ref el al HD14053B 


Converter | Inhibit 


———s 


ES 


HD63701V0 


P,, (PCO) 
P,, (PC1) 
P,, (PC2) 


PE \a0o0e Note 1) Figure of Mode 7 
2) RC~Reset Constant 


3) R,=10k2 





Fig. 2-1-1 Recommended Circuit for Mode Selection 
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Table 2-1-1 Mode Selection Summary 


Vectors Mode Mode 
pt | tt | singechin 
| MUX? | Multiplexed/Partial Decode __| 
ee a 





a a a 
Pe [mx [Matinee a 
| E | _NMUX | Non-Multiplexed 

LEGEND : (NOTES) 
| — Internal 1) Internal ROM is disabled. 
—E — External 2) Reset vector is external for 3 or 4 cycles after 
MUX — Multiplexed BES goes “high’’. 
NMUX  —Non-Multiplexed 3) Idle lines of Port 4 address outputs can 
L — Logic “0” be assigned to Input Port. 
H — Logic “1” 


(1) Single Chip Mode 


In the Single Chip Mode, all ports will function as I/O. This 
is shown in figure 2-1-2. In this mode, SC1, SC2 pins are 
configured as Port 3 control lines and functions as input 
strobe (IS3) and output strobe (0S3) for handshaking data 
respectively. 


(2) Expanded Multiplexed Mode 
In this mode, Port 4 is configured as I/O (inputs only) Port 
or address lines. Port 3 functions as multiplexed lower 
address/data bus and Address Strobe (AS) selects the function 
of Port 3. 
Port 2 is configured as a 5-bit parallel I/O port or Serial 
I/O, or Timer, or any combination thereof. Port 1 is 
configured as an 8-bit parallel I/O port. In this mode 
HD63701V0 is expandable to 65k words (See Fig. 2-1-3). 


Since the data bus is multiplexed with the lower address bus 
in Port 3 in the expanded multiplexed mode, address bits must 


be latched outside. 74LS373 (Octal-D type transparent latches) 
is required for address latch. 


Latch connection to the HD63701V0 is shown in Fig. 2-1-4. 
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HD63701V0 
MCU 


8 1/O Lines 


Port 3 
1/0 Strobes 


Port 4 Port 2 
81/0 Lines 5 1/O Lines 
SCl 
Timer 





Fig. 2-1-2 HD63701VO MCU Single-Chip Mode 


Multiplexed 
Data/Address 


Address Strobe 


Port 4 

To 8 Address 
Lines or To 

8 1/0 Lines 
(Inputs Only) 





Fig. 2-1-3 HD63701V0 MCU Expanded Multiplexed Mode 
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Port 3 Address: Ay ~ Ar Function Table 


Address/Data 
oa a 
| te a ae 


Data: 0, ~ D, 





Fig. 2-1-4 Latch Connection 


(3) Expanded Non Multiplexed Mode 


In this mode, the HD63701V0 can directly address HMCS6800 
peripherals with no address latch. In mode 5, Port 3 
functions as a data bus. Port 4 is configured as Ag to A7 


address bus or partial address bus and I/O (inputs only) port. 
Port 2 is configured as a parallel I/O port, Serial I/O 

port, Timer or any combination. Port 1 is configured as a 
parallel I/O port only. 

In this mode, the HD63701V0O can access up to 256 bytes of 
external address space. In the application system with fewer 
addresses, idle pins of Port 4 can be used as I/O lines 


(inputs only) (See Fig. 2-1-5). 


In mode 1, Port 3 functions as a data bus, Port 1 functions as 
Ao to A7 address bus, and Port 4 is configured as Ag to Ais 
address bus. Port 2 is configured as a parallel I/O port, 
Serial I/O port, Timer or any combination. In this mode, 

the HD63701V0 is expandable up to 65k words with no address 
latch. (See Fig. 2-1-5). 
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oi 


NO 


-HD63701V0 


8 Raratiel 1/0 8 Data Lines To 8 Address Lines 8 Data Lines 


Port 4 Port 2 

5 Parattel 1/O To 8 Address 5 Parallel (/O ca one 

sc! Lines or To Sci Lines 

Timer 8 1/0 Lines Timer 
(Inputs Only) 


(a) Mode 5 . | | (b) Mode 1 





Fig. 2-1-5 HD63701V0 MCU Expanded Non Multiplexed Mode 


(4) Mode and Port Summary MCU Signal Description 


This section gives a description of the MCU Signals for 
the various modes. SC; and SC2 function depending on the 


operating mode. 


Table 2-1-2 Feature of each mode and Lines 


PORT 1 PORT 2 PORT 3 PORT 4 
Eight Lines ; Five Lines Eight Lines Eight Lines 


ADDRESS BUS 
(Ao ~ Az) - ADDRESS BUS’ 


DATA BUS (As~ Ais) eile! 
(Do ~ D7) | 


DATA BUS | ADDRESS BUS: 
(Do ~ D7) (Ao ~ Az) 


DATA BUS ADDRESS BUS > 
NON-MUX (De~-Ds) hea ae R/WiO) 


R/W(O) 





*These lines can be substituted for I/0 (Input Only) starting with the MSB 
(except Mode 0, 2, 4). When they are not used as address lines. 


| = Input [S3. = Input Strobe SC — = Strobe Control! — 
O == Output OS3 = Output Strobe AS = Address Strobe 
R/W: = Read/Write 10S = 1/O Select 


2.2 Memory Map 


The MCU can address up to 65k bytes depending on the 
operating mode. Fig. 2-2-1 shows a memory map for each 
operating mode. The first 32 locations of each map are 
reserved for the MCU's internal register as shown in Table 
e-2>14 
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Table 2-2-1 Internal Register Area 


R/W*4/Initialize at RESET 
Port 1 Data Direction Register $00"! 
Port 2 Data Direction Register 
| a R/W *5 
Port 1 Data Register $02 Wnderined 
Port 2 Data Register/Mode Register 
Port 3 Data Direction Register $04*2 
Port 4 Data Direction Register $05*3 
Port 3 Data Register $06*2 : 
Undefined 
* *5 
Port 4 Data Register $0779 
Undef ined 


[sncr arr [ FEET 
of} of ojo | 
Teno 









ad 
fom) 
oS 








Said 
oO 
So 


Po) 
+ 
oO 


~ 
iw) 
w 

mo] 
nN 
ao 


R/W *5 
Undefined 





Hf 
Oo ;= 
f=) 





Di) 
“| © 
=f oO 


r=) 
Seat 






/W\R/ 


els 
=[$ | 
*) 
~ 
Be 








2) 
™™ 
= 


baa 
© 
© 


R/W 
0 
R/W 
$FF 


R 
Output Compare Register (Low Byte) Ea os 


08 
09 
OA 
OB 
OC 
0D 
OE 
* 
10 
1] 
12 
13 
14 


© 


Counter (Low Byte) | son 


bad 


Output Compare Register (High Byte) 


0 


baa 
[om] 


HF 
Se 
fon) 







R/WiR/W} Unused 


Port 3 Control and Status Register $0F*2 


2) 

™—™ 

= 
cc 
ns 
m 
oO. 


mae beta 

Rate and Mode Control Register |e | W 
| PU | a0 0 
ne oe 
aceite ee of oo} i fo} ofotofo | 
ee le 
ene ee eee 


vf 
oe 
So 


$ 

$ 

$ 

$ 

$ 
Input Capture Register (High Byte) 

$ 

$ 

$ 

$ 


A 1 : Unused 
| mate Reis 


$1SvS$1F; 


(*1 through 8 are shown in the next page.) 
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*1. 
*2 


"3 
*4 


*5 


*6 


sai 


External address in mode l. 

External address in modes 0, l, 2, 5, 6; cannot be accessed 

in mode 5. 

External address in modes 0, l, 2, 

R : Read-only register, W : Write-only register, 

R/W : Read/Write register. 

The pin state is read instead of the data of the register when 
reading Ports. (Refer to "2.4 I/O Ports" for I/O Port 3.) 

The values of program control bit (PCo \% PC2) depend on 

Poo VY P21 GAuring reset. 


Refer to "2.12 Low Power Consumption Mode" for standby mode. 


HD63701V0 HD63701V0 
Mode Mode 


Multiplexed Test mode | | Non-Multiplexed 


or Internal Registers _ —YYyy ieiaeal Registers 


$001 F 
External Memory Space External Memory Space 


$0080 a $0080 & 
Internal RAM aie FY Internal RAM 


SOOFF 


External Memory Space 
External Memory Space 


Pall Vieveud he following add hich may be 
1) Excludes the following addresses which may Ree eon a cey ee ee 
be used externally: $04, $05, $06, $07 and roa iia $00,502,508, 509/;306, $07 

SOF. 
2) Reset vectors $F FFE and $FFFF are locat- 

ed in external memory address space, However, 

if $FFFE and $FFFF are accessed by soft- 

ware, internal addresses will be accessed. 

If internal address is read, the data in the 

address is output through the data bus. 

This mode is used only for testing. 





(to be continued) 


Fig. 2-2-1 HD63701V0 Memory Maps 
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HD63701V0 
Mode 


Multiplexed/RAM Non-Multiplexed/Partial Decode 


HD63701V0 
Mode 





$0000 
Internal Registers Internal Registers 
SO01F 


External Memory Space Unusable 
$0040 


Internal RAM 
Internal RAM SOOFF 


$0100 
. External Memory Space 


SOVFF 


Unusable 
External Memory Space 





Internal PROM 


SFFFF 
SFFEFF 


[NOTE] Excludes the following address which 
may be used externally; $04, $05, $06, [NOTE] Excludes $04, $06, SOF. 


$07, $OF These address cannot be used 


externally. 





(to be continued) 


Fig. 2-2-1 HD63701V0 Memory Maps 
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HD63701V0 HD63701V0 
Mode Mode 


Multiplexed/Partial Decode Single Chip 


$0000 WY, Internal Registers ee YUMA internal Registers 


$001F 


Cd 
$0040 Yj 


SOOF F 


External Memory Space Unusable 
$0N40 


Internal RAM © Internal RAM 
SOOF F 


External Memory Space Unusable 
) 


Internal PROM Internal PROM 





([NOTE} 
Excludes the following address which may be 
used externally: $04, $06, SOF. 





Fig. 2-2-1 HD63701V0 Memory Maps 
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2.3 CPU Registers 


The followings describe the HD63701V0 internal architectures 


and operations. 


8-Bit Accumulstors A and B 


Or 16-Bit Double Accumulator D 


Index Register (X) 


Stack Pointer (SP) 


Program Counter (PC) 


Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 





Fig. 2-3-1 HD63701V0 CPU Registers 
(1) Accumulators (A & B, or D) 


Two 8-bit registers (ACCA and ACCB) store the 

result of arithmetic/logical operation and data. When 
combined, they make up a 16-bit register (ACCD) used 
for 16-bit operations. Note that the contents of ACCA 
and ACCB are modified after an ACCD-based operation. 


(2) Index Register (IX) 


The 16-bit register IX stores a 16-bit data for use in 


indexed addressing mode or for general purpose. 


(3) Stack Pointer (SP) 
The 16-bit register SP indicates the address of the next 
available location in the stack. This can also be used as 
a general purpose register. 

(4) Program Counter (PC) 
The 16-bit register PC indicates the address of the instruction 
being currently executed. Note that the PC cannot be 
accessed by software. 
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(5) Condition Code Register (CCR) 
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The CCR consists of the following bits: carry (C), 
overflow (V), zero (Z), negative (N), interrupt mask (I), 


and half-carry (H). After an instruction is executed, 
these bits reflect the result of operation. They can be tested by 


different conditional branch instructions. The upper 2 bits 


of this register cannot be used. Individual bits are 


detailed below. Refer to the following description of each 


instruction for more details. 


(a) 


(b) 


(c) 


(d) 


(e) 


(f£) 


Half-carry (H) 


This bit is set to "1" if a carry occurs between bit 3 and 
bit 4 during execution of an ADD, ABA or ADC instruction; 


cleared otherwise. 

Interrupt mask (I) 

When set to "1", this bit disables any maskable inter- 
rupt (IRQi, IRQ2). 

Negative (N) 


After an instruction is executed, this bit is set to 
")" if the MSB of the result is "1"; cleared otherwise. 


zero (Z) 


After an instruction is executed, this bit is set to 


"1" if the result is "0"; cleared otherwise. 


Overflow (V) 


After an instruction is executed, this bit is set if 
the result of operation shows a 2's complement overflow; 
cleared otherwise. 


Carry (C) 


After an instruction is executed, this bit is set to 
"1" if a carry or a borrow generates from MSB; it is 
cleared cleared otherwise. 
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2.4 Ports 


The HD63701V0O has four I/O ports (three 8-bit ports 
and one 5-bit port). 2 control pins are connected to one of 
the 8-bit port. Each port has an independent write-only Data 


Direction Register to program individual I/O pins for input 
or output.* 


When the bit of associated Data Direction Register is "l", 
I/O pin is programmed for output, if "0", then programmed for 
an input. 


Addresses of each port and associated Data Direction Register 
are shown in Table 2-4-1. 


* Only one exception is bit 1 of Port 2 which becomes either 
a data input or a timer output. It cannot be used as an 


output. 





Table 2-4-1 Port and Data Direction Register Addresses 


Data Direction 
Port Address Register Address 





(1) Port 1 


Port 1 is an 8-bit I/O port, each bit being individually 
defined as inputs or outputs by the Port 1 Data Direction 
Register. The 8-bit output buffers have three-state 

capability, maintaining in high impedance state when they 


are used for input. 


These are TTL compatible and can drive one TTL load and 
90pF capacitance. After the MCU has been reset, all I/O 
pins are configured as inputs in all modes except mode i. 
In all modes other than expanded non multiplexed mode l, 
Port 1 is always parallel I/O. In mode 1, Port 1 is 
configured as output lines for lower order address lines 
(Ag to Az). | 
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(2) Port 2 
Port 2 has five lines, whose I/O direction depend on its 
Data Direction Register. The 5-bit output buffers have 
three-state capability, going high impedance state when 
used as inputs. After the MCU has been reset, Port 2 
I/O pins are configured as inputs. Po9 - Poo (pins 10 - 
8) are used to program the operating mode during reset. 
The values of P29 - Po2 during reset are latched into the 
upper 3 bits (bit 7, 6 and 5) of Port 2 Data Direction 


Register. Refer to "2.1 Mode Selection" for more details. 


In all modes, Port 2 can be configured as I/O lines. This 
port can also function as I/O pins for the SCI and the 
Timer. However, note that bit 1 (P21) is the only pin 


restricted to data input or Timer output. 


(3) Port 3 


Port is an 8-bit port which can be configured as I/O Port, 
a data bus, or an address bus multiplexed with data bus. 
Its function depends on operation mode, determined by 
user uSing 3 bits of Port 2 during Reset. (Refer to 2.1 
Mode Selection.) Port 3 as a data bus is bi-directional. 
This TTL compatible three-state buffer can drive one TTL 
load and 9OpE capacitance. In the expanded Modes, Data 
Direction Register is inhibited after Reset and data flow 
is controled by the state of the R/W signal. Function of 


Port 3 for each mode is explained below. 


(a) Single Chip Mode (Mode 7): Parallel I/O Port, whose 
I/O direction are programmed by the Port 3 Data 


Direction Register. 


There are two control lines associated with this port in 
this mode, an input strobe (IS3) and an output strobe 
(OS3), both being used for handshaking. They are 
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controlled by I/O Port 3 Control/Status Register. 
Additional 3 characteristics of Port 3 are summarized as 


follows: 


(1) Port 3 input data can be latched using IS3 (SC) 


as a control signal. 


(2) 0OS3 (SC5) can be generated by MPU read or write to 


Port 3's data register. 


(3) IRQ, interrupt can be generated by an IS3 falling 
edge. 


Port 3 strobe and latch timings are shown in Figs. 5-5 and 


5-6, respectively. 


I/O Port 3 Control/Status Register 


7 6 5 4 3 2 1 0 
$3 LATCH 
SS | kG: 
$O00F FLAG [ENABLE ENABLE 
Bit O Not used. 
Bit 1 Not used. 


Bit 2 Not used. 


Bit 3 LATCH ENABLE. 
Controls the input latch of Port 3. If the bit is 


set, the input data on Port 3 is latched by the 
falling edge of IS3. The latch is cleared by the 
MCU read to Port 3; it can be latched again. Bit 3 


is cleared by a reset. 


Bit 4 OSS (Output Strobe Select) 
Determines the cause of output strobe generation: a 
write operation or read operation to I/O Port 3. 
When the bit is cleared, the strobe will be generated 
by a read operation to Port 3. When the bit is set, 
the strobe will be generated by a write operation. 


Bit 4 is cleared by reset. 


Bit 5 Not used. 
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Bit 6 IS3 ENABLE. 
If the IS3 flag (bit 7) is set with bit 6 set, an 
interrupt is enabled. Clearing the flag causes the 


interrupt to be disabled. The bit is cleared by reset. 


Bit 7 IS3 FLAG. 
Bit 7 is a read-only bit which is set by the falling 
edge of IS3 (SC,). It is cleared by a read of the 
Control/Status Register followed by a read/write of 
I/O Port 3. The bit is cleared by reset. 


(b) Expanded Non Multiplexed Mode (mode 1, 5) 


In this mode, Port 3 is configured as data bus. (Do to D7) 


(c) Expanded Multiplexed Mode (mode O, 2, 6) 
Port 3 is configured as either data bus (Dp to D7) or lower 
8 bits of the address bus (Ap to Az). An address strobe 


output is "High" when the address is on the port. 


Port 4 


Port 4 is an 8-bit port that becomes either I/O Port or 
address bus depending on the operation mode selected. Each 
line is TTL compatible and can drive one TTL load and 90pF 
Capacitance. After reset, this port becomes inputs. To use 
Port 4 as address bus, Port 4 pins should be programmed as 


outputs. 


Function of Port 4 for each mode is explained below. 


(a) Single Chip Mode (Mode 7): Parallel I/O Port, whose I/O 
direction is programmed by the Port 4 Data Direction 


Register. 


(b) Expanded Non Multiplexed Mode (Mode 5): In this mode, 

| Port 4 becomes the lower address lines (Ao to A7) by 
writing "1"s on the Data Direction Register. 
When all of the eight bits are not required as addresses, 
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the remaining lines can be used as I/O lines (Inputs only). 


(c) Expanded Non Multiplexed Mode (Mode 1): In this mode, 


Port 4 becomes output for upper address lines (Ag to Ajs). 


(d) Expanded Multiplexed Mode (Mode O, 2): In this mode, 
Port 4 becomes output for upper address lines (Ag to Ajs) 


regardless of the value of Data Direction Register. 


The relation between each mode and ports 1 to 4 is 


summarized in Table 2-]-2. 


2:5 Timer 


The HD63701V0 provides 16-bit programmable timer which can 
measure input waveform and generate an output waveform. 





The pulse widths of both input/output can vary from micro- 
seconds to seconds. 


microseconds to many seconds. 


The timer hardware consists of 
* an 8-bit Control and Status Register 
* a 1l6-bit Free Running Counter 
- a 16-bit Output Compare Register, and 
> a 16-bit Input Capture Register 


A block diagram of the timer is shown in Figure 2-5-l. 


H D63701 V0 Internal Bus 


Free Running 
16-Bit Counter 


Output Computer Pulse 





Fig. 2-5-1 Programmable Timer Block Diagram 
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Free Running Counter (FRC) ($0009:SO00A) 


The key timer element is a 16-bit Free Running Counter (FRC), 
that is driven by E (Enable) clock to increment its values. 
The FRC value is readable by software at any time with no 
effects on the FRC. The FRC is cleared during reset. 

When writing to the upper byte of the FRC ($09), the CPU 


writes the preset value ($FFF8) into the FRC (address $09, 
$0A) regardless of the write data. But when writing to 
the lower byte ($0A) after the upper byte writing, the 
CPU writes not only the lower byte data into lower byte 
of the FRC, but also the upper byte data into upper byte 
of the FRC. 


The FRC value written by the double store instruction is 


shown in Figure 2-5-2. 


$09 Write | $0A Write 
A 


Counter , $SFFF8 ! = $5AF3 
| ' 
{ 


($5AF3 written to counter) 





Fig. 2-5-2 Counter Write Timing 


_* A write to the counter can disturb serial opera- 
tions, so it should be inhibited during the SCI 


operation. 


(2) Output Compare Register (OCR) ($000B:$000C) 


The Output Compare Register (OCR) is a 16-bit read/write 


register which is used to control an output waveform. The 


data of the OCR is constantly compared with the FRC. 


When the data matches, a flag (OCF) in the Timer Control / 
Status Register (TCSR) is set and the current value of an 
output level Bit (OLVL) in the TCSR is transferred to Port 
2 bit 1. When bit 1 of the Port 2 Data Direction Register 
is "1" (output) the OLVL value will appear on the bit 1 of 
Port 2. Then, the value of the OCR and Output level bit 
should be changed to control an output level again on the 


next compare values. 
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(3) 


(4) 


The OCR is initialized to SFFFF during reset. The compare 
function is inhibited at the cycle of writing to the upper 
bytes of the OCR and at the cycle just after that. It is 

also inhibited at the cycle of writing to the Free Running 


Counter. 


* For the data write to the OCR, 2-byte transfer instruc- 


tions such as STD, STX should be used. 


Input Capture Register (SO00D:SOOOE) 


The Input Capture Register (ICR) is a 16-bit read-only 
register used to store the FRC's value when the proper 
transition of an external input Signal occurs as defined 
by the input edge bit (IED1) in the TCSR. 

The input transition change required to trigger the 
counter transfer is controlled by the input Edge bit 


(IEDG). 


To allow the external input signal to gate in the edge 
detector, the bit of the Port 2 Data Direction Register 
corresponding to bit 0 of Port 2 must have been cleared 


(to zero). 


To insure input capture in all cases, the width of an 


input pulse requires at least 2 E clock cycles. 


Timer Control/Status Register (TCSR) ($0008) 


This is an 8-bit register. All 8 bits are readable and 
the lower 5 bits can be written. The upper 3 bits are 


read-only, indicating the timer status information below. 


(a) Defined transition of the timer input signal 
causes the counter to transfer its data to the 
ICR. | 


(bo) A match has occurred between the value in the FRC 


and the OCF. 
(c) The counter value reached to $0000 by counting-up (TOF) . 
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Each of the upper three flags can generate an IRQ) interrupt 
and is controlled by an corresponding enable bit in the 
TCSR. If the I-bit in the CCR has been cleared, a priori- 
tized vectored address occurs corresponding to each flag 


being set. Each bit is described as follows. 


Timer Control/Status Register (TCSR) 
7 6 5 4 3 2 1 0 
ICF EOCI | ETOI | IEDG | OLVL | $0008 


Bit 0 OLVL (Output Level): When a match occurs 
between the FRC and the OCR, this bit is transferred 


to the Port 2 bit 1. If the DDR corresponding to 
Port 2 bit 1 is set to "1", the value will appear on 


the output pin of Port 2 bit l. 


Bit 1 IEDG (Input Edge): This bit control which transition 
of Port 2 bit 0 input (P99) will trigger the data 
transfer from the FRC to the ICR. The DDR correspond- 


ing to Port 2 bit O must be cleared in advance of using 
this function. When IEDG = O, data transfer is 
triggered on a falling edge ("High"-to-"Low" transition) 
of P29- When IEDG = 1, data transfer is triggered on 


a rising edge ("Low"-to-"High" transition) of P90. 


Bit 2 ETOI (Enable Timer Overflow Interrupt) : When set, 
this bit enables TOF interrupt to generate the inter- 
rupt request (IRQ>) ; when Cleared, the interrupt is 
inhibited. 


Bit 3 EOCI (Enable Output Compare Interrupt): When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2); when cleared, the interrupt 
is inhibited. 
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Bit 4 EICI (Enable Input Capture Interrupt): When set, 
this bit enables ICF interrupt to generate the 
interrupt reguest (IRQ2); when cleared, the inter- 


rupt is inhibited. 


Bit 5 TOF (Timer Overflow Flag): This read-only bit is 
set when the counter value is $0000. It is cleared 
by CPU read of TCSR (with TOF set) followed by CPU 
read of the counter ($0009). 


Bit 6 OCF (Output Compare Flag): This read-only bit is 
set when a match occurs between the OCR and the FRC. 


It is cleared by read of TCSR (with OCF set) followed 
by CPU write to the OCR (SOOOB or SOOOC). 





Bit 7 ICF (Input Capture Flag): The read-only bit is set 
when an input signal to edge detector makes a transi- 
tion as defined by IEDG. It is cleared by read of 
TCSR (with ICF set) followed by CPU read of the ICR 


(SOOOD) . 


Each bit of TCSR is cleared during reset. 


2.6 Serial Communication Interface (SCI) 


The HD63701V0 contains a full-duplex asynchronous Serial 
Communication Interface (SCI). The SCI can select the several 
kinds of the data transmit rate and comprises a transmitter 
and a receiver which operate independently on each other 

but at the same data transmit rate. Both of transmitter 

and receiver communicate with the CPU by the data bus, and 
with the outside. through Port 2 bit 2, 3 and 4. Descrip- 


tions of hardware, software, and the SCI registers are 


as follows. 


(1) Wake-Up Function 


In typical multiprocessor applications the software 
protocol has the destination address at the initial 
byte of the message. The purpose of Wake-Up function 
is to have the non-selected MCU ignore the remainder 


of the message. Thus the non-selected MCU can inhibit 
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(2) 


(3) 


(4) 


the all further interrupt process until the next 


message begins. 


Wake-Up function is triggered by a ten consecutive "l1"s 
which indicates an idle transmit line. Therefore soft- 


ware protocol needs an idle period between the messages. 


With this hardware feature, the non-selected MPU is re- 


enabled (or "wakes-up") for the appearing next message. 


Programmable Options 


The HD63701V0 SCI has the following programmable features. 


. data format; Standard mark/space (NRZ) start bit + 
8 bit data + l stop bit 
. Clock source; external or internal 
. baud rate; one of 4 rates per given MCU E clock frequency 
| or 1/8 of external clock 
- wake-up function; enabled or disabled 
- Interrupt requests; enabled or masked individually for 


transmitter and receive data 
registers 


* Clock Output; internal clock enabled or disabled to 
Port 2 bit 2 


- Port 2 (bits 3,4); dedicated or not dedicated to serial 
I/O individually for receiver and 
transmitter | 


SCI Hardware 


The SCI hardware is controlled by 4 registers as shown in 


Figure 2-6-1. The registers include: 

*- an 8-bit Transmit/Receive Control Status Register (TRCSR) 

° a 4-bit write-only Transmit Rate/Mode Control Register (RMCR) 
* an 8-bit read-only Receive Data Register (RDR) 

* an 8-bit write-only Transmit Data Register (TDR) 


Besides these 4 registers, the SCI utilizes Port 2 bit 


3 (input) and bit 4 (output). Port 2 bit 2 can be used 
when an option is selected for the internal-clock-out or | 


the external-clock-in. 


Transmit/Receive Control Status Register (TRCSR) 
TRCSR consists of 8 bits which all may be read © 
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Bit 


Bit 


Bit 


Bit 


Bit 


Bit 


Bit 


while only bits 0 to 4 may be written. The register is 
initialized to $20 during RES. The bits of the TRCSR 


are defined as follows. 


Transmit/Receive Control Status Register (TRCSR) 
7 


6 5 4 3 a 0 
[moar [ones [some [are [ne] ere] ve [wo] 30: 


0 WU (Wake Up): Set by software and cleared by hard- 
ware on receipt of ten consecutive "1"s. It should be 
noted that RE flag has already set in advance of WU 
flag's set. 


1 TE (Transmit Enable): Set to produce preamble of 
ten consecutive "1l"s and to enable the data of trans- 
mitter to output subsequently to the Port 2 bit 4 
independently of its corresponding DDR value. When 
cleared, the SCI affects nothing on Port 2 bit 4. 


2 TIE (Transmit Interrupt Enable): When set with 
TDRE (bit 5) set, an IRQ2 interrupt is enabled. 
When cleared, IRQ2 interrupt is masked. 


3 RE (Receive Enable); When set, gates Port 2 bit 3 
to input of receiver regardless of DDR value for this 
bit. When cleared, the SCI affects nothing on Port 2 
bit 3. 


4 RIE (Receive Interrupt Enable): When set with 


bit 7 (RDRF) or bit 6 (ORFE) set, IRQ2 interrupt 
is enabled. When cleared, IRQ2 interrupt is masked. 


5 TDRE (Transmit Data Register Empty): When the data 

is transmitted from the Transmit Data Register to 

Output Shift Register, it is set by hardware. The bit 

is cleared by reading the TRCSR (with TDRE set) 

and followed by writing the next new data into the Transmit 


Data Register. TDRE is initialized to 1] during RES. 
6 ORFE (Over Run Framing Error): When overrun or 
framing error occurs (receive only), it is set by 
hardware. Over Run Error occurs if the attempt is 
made to transmit the new byte to the receive data 
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register with the RDRF still set. Framing Error occurs 
when the bit counters are not synchronized to the 

byte boundaries of the bit stream. The bit is 

Cleared by reading the TRCSR (with ORFE set) 


followed by reading the RDR, or by RES. 


Bit 7 RDRF (Receive Data Register Full): It is set by 
hardware when the data is transmitted from the RSR 
to the RDR. It is cleared by reading the TRCSR 

(with RDRF set) and followed by reading the RDR, 
or by RES. 


Bit 7 Rate and Mode Control Register Bit O 


pf et Jo} ss} so Js10 


’ -Transmit/Receive Control and Status Register — 


fonronrond meme [ve] ve [Jo 


Receive Data Register 


ee ee 


(Not Addressable) 


' + Receive Shift Register 


Bit Rate 
Generator. 


(Not Addressable) | 


Transmit Shift Register 


Es Cae ee i Os 


’ Transmit Data Register 





Fig. 2-6-1 SCI Register 


7 6 5 4 3 2 1 0 


Rate / Mode Control! Register 


Table 2-6-1 SCI Bit Times and Transfer Rates 


. XTAL 
SS1 : SSO E 
E+ 16 














614.4 kHz [| 1.0MHz 1.2288MHz 
0 


26 us/38,400 Baud 16 ys/62,500 Baud 13 us / 76,800Baud 
208s/4,800 Baud 128 s/7812.5 Baud 104.2us / 9,600Baud 
1.67ms/600 Baud 1.024ms/976.6 Baud 833.3us / 1,200Baud 
6.67ms/150 Baud -4.096ms/244.1 Baud =| 3.333ms/ 300Baud 
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Table 2-6-2 SCI Format and Clock Source Control 


Internal Not Used *** 


Internal Output" 





External Input 


* Clock output is available regardless of values for bits RE and TE. 
“* Bit 3 is used for serial input if RE = '’1’’ in TRCS. 

Bit 4 is used for serial output if TE = ‘1’ in TRCS. 
** “tt can be used as I/O port. 


(5) 


(6) 


(7) 


Transmit Rate/Mode Control Register (RMCR) 
Transmit Rate/Mode Control Register (RMCR) controls the 


following SCI variables: 
-Baud rate *clock source 


*Port 2 bit 2 function 


The RMCR is a 4-bit write-only register, cleared by RES. The 
4 bits are considered as a pair of 2-bit fields. The lower 
2 bits control the bit rate of internal clock while the 
upper 2 bits control the clock select logic. 
Bit 0 SSO 
Bit 1 SSi 


These bits select the Baud rate for the internal clock. 


| Clock Speed Select 


The selectable 4 rates are function of E clock frequency 
within the MCU. Table 2-6-1 lists the available Baud 
Rates. 
Bit 2 CCO) 
Bit 3 cCl | clock Control/Format Select 
These bits control the clock select logic. 


Table 2-6-2 defines the bit field. 


Internally Generated Clock 


When using the SCI internal clock for external devices, the 
followings should be noted. 

* The values of RE and TE have no effect. 

* CCl, CCO must be ce to "10". 

* The maximum clock rate is E/16. 


* The clock is equal to the bit rate. 


Externally Generated Clock 


When supplying an external clock for the SCI, the 
followings should be noted. 
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(8) 


(9) 


- The CCl, and CCO in the RMCR must be set to "11" 


(See Table 2~6~-2). | 
- The external clock frequency must be set to 8 times 
the desired baud rate. 
* The maximum external clock frequency is half of E. 
clock. 


Serial Operations 


The scl hardware must be initialized by the HD63701V0 
software prior to operation. The sequence is normally 
as follows. | 

Writing the desired operation control bits to the RMCR. 


Writing the desired operation control bits to the TRCSR. 


If using Port 2 bits 3 and 4 for the SCI exclusively, TE and 


_RE bits may be preserved set. WhenTE and RE bits are cleared 


during the SCI operation, and subsequently set again, it 
should be noted that the setting of TE, RE must refrain 
for at least one bit time of the current baud rate. If 


set within one bit time, internal function for transmit 


and receive may not occur. 


Transmit Operation 

Data transmission is enabled by the TE bit in the TRCSR. 
When TE is set, outputs the data of the SCI Transmit Shift 
Register to Port 2 bit 4 which is unconditionally configured 


aS an output irrespectively of the corresponding DDR value. 


Following RES, the user should program both the RMCR 

and the TRCSR for desired operation. | 

Setting the TE bit during this procedure causes a trans- 
mission of ten-bit preamble of "1"s. Following the 
preamble, internal synchronization is established and the 
transmitter section is ready to operate. Then either of 


the followings operates. 
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(a) If the TDR is empty (TDRE = 1), the consecutive "1"s 


are transmitted indicating an idle lines. 


(b) If the data has been loaded into the TDR (TDRE = 0), 
it is transferred to the Transmit Shift Register and 
data transmission begins. 

During the data transfer, the "0" start bit is first 

transferred. Next the 8-bit data (beginning at bit 0) 

and the "1" stop bit. When the TDR has been empty, the TDRE 

flag bit is set. 

If the CPU fails to respond to the flag within the 

proper time, TDRE is preserved set and then a "1" will 

be sent (instead of a"0" at start bit time) consecutively 

until the data is supplied to the Transmit Data 

Register. While the TDRE remains a "1", no "0" 


will be sent. 


(10) Receive Operation 


The receive operation is enabled by the RE bit. The 
serial input is connected with Port 2 bit 3. The receive 
operation is determined by the contents of the TRCSR RMCR. 
The received bit stream is synchronized by the first "0" 
(space). During 10-bit time, the data is strobed 
approximately at the center of each bit. 

If the tenth bit is not "1" (stop bit), the system 
assumes a framing error and the ORFE is set. (RDRF is 


not set.) 


If the tenth bit is "1", the data is transferred to the 
RDR, with the interrupt flag set (RDRF). If the tenth bit 


of the next data is received, however, still RDRF is preserved 
set, then ORFE is set indicating that an overrun error has 
occurred. 
After the CPU read of the TRCSR as a response to RDRF flag 
or ORFE flag followed by the CPU read of the RDR, RDRF or 
ORFE will be cleared. 

(11) Timer, SCI Status Flag 


The set and reset condition of each status flag of timer 


and SCI is shown in Table 2-6-3. 
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Table 2-6-3 Timer and SCI Status Flag 


Set Condition . Reset Condition 


Status Flag 






ICF FRC > ICR by edge input to Po. 1. Read the TCSR then ICRH, 
. when ICF=1 
2. RES=0 






OCF OCR=FRC 1. Read the TCSR then write 
the OCRH or OCRL, when 


OCF=1 











RES=0 





TOF FRC=$FFFF+1 cycle Read the TCSR then FRCH, 


when TOF=1 









2. RES=0 





RDRF Receive Shift Register + RDR 


Read the TRCSR then RDR, 
when RDRF=1 





ORFE 1. Framing Error (Asynchronous 1. Read the TRCSR then RDR, 
Mode) when ORFE=1 
Stop Bit = 0 . >. RRS=0 
SCI <. Overrun Error (Asynchronous 
Mode) 


Receive Shift Register > 
RDR when RDRF=1 










TDR + Transmit Shift 
Register 


Read the TRCSR then write to 
the TDR, when TDRE=1 


TDRE |. 


Ideal | | | | | | | | | 
Waveform a. 
Bit length | to | 


Character length T9 ——————————_—_> 


RES=0 


Real | 
Waveform 





Character distortion tolerance 
(T-To)/To . 


+3. 75% 
-2.5% 









Bit distortion tolerance 
(t-to)/to 


~  . -#37.5% - . . . 
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2.7 Interrupts 


The HD63701V0 has two external interrupt terminals (NMI, IRQ}) 
and 8 internal interrupt sources (Soft-TRAP, SWI, Timer-ICF, 
OCF, TOF, SCI-RDRF, ORFE, TDRE). The features of these 
interrupt are detailed in the following paragraphs. 


(1) Non maskable Interrupt (NMT) 
When the high-to low transition of NMI is detected, NMI 
acknowledge sequence starts. The current instruction is 
completed if NML Signal is detected as well as the follow- 
ing IRQ1 interrupt. Interrupt mask bit in the Condition Code 
Register has no effect on NMI interrupt. In response to NMI 
interrupt, the contents of Program Counter, Index Register 


Accumulators, and Condition Code Register are pushed onto the 


stack. On completion of this sequence, the CPU generates 





vecotr addresses $FFFC and $FFFD, and loads the contents 
into the Program Counter and branch to a non maskable 


interrupt service routine. 


(2) Interrupt Request (IRQ1) 
TROi is the level-sensitive pin which requests an IROq 
interrupt to the CPU. When IRQ1 interrupt request occurs, 
the: CPU will complete the current instruction before the 


acceptance of the request. If the I bit of the Condition 
Code Register is cleared, the CPU starts an interrupt 


acknowledge sequence; if set, the interrupt request will be 
ignored. 


When the IRQi acknowledge sequence starts, the contents of 
Program Counter, Index Register, Accumulator, and Condition 
Code Register are pushed onto the stack. Then the CPU sets 


the I bit to ignore another IRQ, or IRQ2 interrupt request. 


At the end of the cycle, the CPU generates 16-bit vector 
addresses $FFF8 and $FFF9, and loads the contents into the 


Program Counter to branch to an interrupt service routine. 
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(3) Internal interrupts (IRQ2) 


When an internal interrupt is requested from the timer or 


SCI, an internal interrupt signal TRO is activated. This 
interrupt is identical to IRQi except that it uses vector 
addresses $FFFO through $FTF7. The IRQ; has the priority 

to the IRQ2 when interrupt requests occurs at the same time. 
When the interrupt mask bit in the condition code register is 


set, both interrupts are inhibited. 


The SWI is an instruction which requests an interrupt by 
software. The state of CCR mask bit doesn't influence 
the SWI. If an address error or op-code error 

(see "2.13 Error Processing") occurs, TRAP occurs 

whose priority is next to the reset. In the case of 
TRAP, CPU starts the interrupt sequence regardless of the 
state of the mask bit. The vector for the TRAP interrupt 


are $FFFE and $FFEF. The interrupt sources and their 
corresponding vector are listed in Table 2-7-1 and the 
interrupt sequence are shown in Fig. 2-7-1. Fig. 2-7-2 


shows the interrupt generation circuit. 


Table 2-7-1 Interrupt Vector 


Upper Lower 


FFFO FFF1 | SCI (RDRF+ORFE+TDRE) 













Interrupt Source 





Highest 
Priority 










Lowest 
Priority 
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Interrupt 


Test 
-o 


E 
Internal 
hdaeces Bas a Kh eS ee 
SP-1 SP-2. SP-3. SP-4. SP-5 


Op Code Op Code _ FFFF SP SP-6 Vector Vector New PC 
NMI. IRQ;, !RO: Address Address +1 SB Address 


—| tpcs 


M LSB 
Address Address 


Internal 
Data Bus 


Op Code rand Irrelevant pcQO~ PC8~ Iixo~ IX8~ ACCA ACC ector Vector First Inst. 
Internal Code hata — PC15 1X7 1X15 8 CCA LSB Interrupt Routine 
Read \ / 


Internal / \ 


Write 


Fig. 2-7-1 Interrupt Sequence 


| (CCR bit 5) 


VV 


i Interrupt 
ys) ) ) Request 


Signal 


iS3 FLAG 
iS3 ENABLE 


————— 


IRQ, 


Failing Edge NMI 
Detector 


Lik: 


Address, TRAP 
Op-Code 
Error Detector 





Fig. 2-7-2 Interrupt Generation Circuit 


2.8 Reset (RES) 


This input is used to reset the MCU and start it froma 
power-off condition. During Power-on, RES pin must be 
held "Low" for at least 20ms. To reset the MCU during 
system operation, RES must be held "Low" for at least 3 
system clock cycles. All address buses become "High 
impedance" state while RES is "Low". When RES is brought 


"high" again, the MCU operates as followings. 


O HITACHI 





283 


(1) Latch I/O Port 2 bits 2, 1, and O into bits PC2, PCl, 
and PCO of the Port 2 Data Register. 


(2) Load the contents (=start address) of the last two 
addresses ($FFFE, $FFFF) into the program counter 


and start the program from this address. (Refer to 
Table 2-7-1) 


(3) Set the interrupt mask bit. For the CPU to. 
recognize the maskable interrupts IRQi and ITRQ2, this 
bit should be cleared in advance. Fig. 2-8-1 shows 


the reset timing, and Table 2-8-1 shows the pin condi- 
tion during reset. 


When RES is asserted "Low", all I/O pins enters into | 
reset mode (high impedance state) asynchronously to the 
E clock while the MCU enters into the reset mode 


synchronously to the E clock. 


Both the MCU and I/O pins recover from reset mode 


synchronously to the E clock. 


FFFE FFFE FFEF New PC 


“MMMM, A, 
Sai oe <n Vc 
= A > 
22 A) a. 





Fig. 2-8-1] Reset Timing 
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Table 2-8-1 Pin Condition during RESET 
Pio0%P17 (input) 
P20VP24 (input) 





E:"1" output E:"1" output E:"1" output 
aaa E:"1L" output High impedance] E:"1". output High impedance] E:"1" output Sy 
ae (High impedance) (High impedance) (High impedance) P 
Port 4 |High impedance 
<——____——_. <j <—______— 
PyovVPy 7 (input) 
me eal Pee aie ae me isha 
E:"1" output » mes E:"1L" output High impedance 
SC1 E:High impedance ;. OUEEME E:High impedance (input) 


2.9 Oscillator 








XTAL and EXTAL pins interface with either an AT-cut parallel 
resonant crystal or external clock. The on-chip divide-by- 
four circuit internally divides the input frequency by four 
to produce the system clock. For example, 4MHz of a crystal 


or external clock input corresponds to 1MHz of system clock. 


When using a crystal, a 10-22 pF + 20% capacitor should be 
tied from each crystal pin to ground. Alternately, EXTAL 

can be driven by external clock with 45% to 55% duty cycle. 
When external clock is input to EXTAL, XTAL should be left 


open. 


Fig. 2-9-1 shows an example of crystal interface and crystal 


specification. 
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AT Cut Paratle! Resonance Crystal 
Co = 7 pF max 
R, = 60 82 max 


XTAL 


Ci = Cio = 10~ 22pF + 20% 
(3.2 ~8MHz) 


st 


Fig. 2-9-1 Crystal Interface 





Strobe Signals 


Two pins, SC, (39 pin) and SC2 (38 pin) are used as 
the strobe signals in each mode. Followings are applied 


only to Port 3 in single chip mode. 


(1) Input Strobe (IS3) (SC) 


(2) 


(3) 


(4) 


This signal controls IS3 interrupt and the latch of Port 3. 
When the falling edge of this signal is detected, the IS3 


£lag of Port 3 Control Status Register is set. 


For respective bits of Port 3 Control Status Register, 


see the "2.4 Ports" section. 


Output Strobe (0S3) (SC2) 

This signal is used by the processor to strobe an external 
device, indicating effective data is on the I/O pins. 

The timing chart for Output Strobe are shown in figure 6-5. 


The following pins are available for Expanded Modes. 


Read/Write (R/W) (SC2) 

This TTL compatible output signal indicates peripheral 
and memory devices whether the CPU is in Read ("High"), 
or in Write ("Low"). The normal stand-by state of this 
Signal is Read ("High"). This output can drive one TTL 


load and 90pF capacitance. 


I/O Strobe (IOS) (SC) 

In expanded non multiplexed mode 5 Ios 

becomes "Low" when A g through Ais are "0O"s and Ag is | 
"]". This allows external device access located in $0100 
through $O1FF in memory. The timing chart is shown in 


Figure 6-2. 
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(5) Address Strobe (AS) (SC,) 


2541 


In the expanded multiplexed mode , address strobe 

is output to this pin. This signal is used to latch the j.. 
lower 8 bits addresses multiplexed with data at Port 3. 

The 8-bit latch is controlled by address strobe as shown in 
Figure 2-1-4. Thereby, I/O Port 3 can functions as data 


bus while E is "high". The timing chart of this signal is 
shown in Figure 6-1. 


RAM Control Register 


The register located in the memory address $0014 gives a status 


information about standby RAM. 


2.12 


RAM Control Register 





Bit 


Bit 6 RAM Enable. 


Using this control bit, the user can disable the RAM. 
RAME bit is set on the positive edge of RES and RAM is 
enabled. RAME can be program to "1" or "0". If RAME 


is cleared (logic "0O"), any access to a RAM address is 


external. 


Bit 7 Standby Bit 


This bit is cleared when Vcc iS not provided in standby 
mode. This bit is a read/write status flag that user can 
read. If this bit is preserved set, indicating that Vcc 
voltage is applied and the data in the standby RAM is valid. 


Low Power Consumption Mode 


The HD63701VO has two low power consumption modes; sleep 
and standby. 
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(1) Sleep Mode 


(2) 


On execution of SLP instruction, the CPU is brought to 

the sleep mode. In the sleep mode, the CPU stops its 
operation, but the contents of the register in the CPU 

are retained. In this mode, on-chip peripherals such as 
the SCI and Timer continue their operations. In this mode, 
the power consumption is one-sixth that of normal operation 


mode. 





The MCU returns from this mode by interrupt, RES, or STBY. 
The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When the 
CPU acknowledges an interrupt request, it cancels the 
Sleep mode, returns to the operation mode and branches 

to the interrupt routine. When the CPU masks the 
interrupt, it cancels the sleep mode and executes the 
next instruction. However, for example, if the timer 

l or 2 prohibits a timer interrupt, the CPU doesn't 


cancel the sleep mode because of no interrupt request. 


The sleep mode is available to reduce the power con- 
sumption for a system with no need of the HD63701V0's 


consecutive operation. 


Please refer to Table 2-12-1 for other pins except Vcc, 
clock pin, input-only pin, E clock pin (their function 


are the same as normal operating condition). 


Standby Mode 


The HD63701VO stops all the clocks and goes into the | 
reset state with STBY "Low". In this mode, the power 


consumption is reduced conspicuously. 
In the standby mode, the power is supplied to the 
HD63701V0, so the contents of RAM are retained. The 


MCU returns from the standby mode by bringing STBY "High" 


and restarts execution at the same restart address as reset. 


If external clock is used during standby mode, EXTAL 
must be brought "High" not increase standby current by 


5-10uA. If the increase of standby current does not 
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affect the MCU, EXTAL can be held either "Low" or "High". 


Transitions among the active mode, sleep mode, standby mode 


and reset are shown in Fig. 2-12-2. 


Table 2-12-1 Pin Condition in Sleep Mode 


Pen ae a oe 
Eat 















7 


E:Lower 
Address Bus} I/O Port 
E:Data Bus 





W Address 
Function }|1/O Port aaa ress |r/o Port 


| 
| 









Port l 


Pi oPiz Keep the con- 
Condition}/dition just 
before sleep 
Port 2 Keep the con- 
P20vP24 Condition| dition just 
before sleep 
E:Lower 
Function Address Bus 
Port 3 E:Data Bus 
P30%P37 E:Output "1" 
Condition]E:High impe- 
dance 


Port 4 
Py o¥Py7 
Condition] Output "1" 


Output "1" 
(Read Con- 
dition) 


aman 







Keep the con- 
dition just 
before sleep 






Output "1" 








| 
| 
| 







| 


at 
| 


| 
| 


E: Lower 


Address Bus 
E:Data Bus 


Data Bus Data: Bus 























E:Output "1" E:Output "1" | Keep the con- 
High impedance|E:High impe- High impedance|E:High impe- dition just 


dance dance before sleep 


I/O Port 


Keep the con- 
dition just 
before sleep 


AH 













Lower Address 
Bus or Input 
Port 


Upper Address 
Bus or Input 
Port 









Address Bus: 
Output "1" 
Port:Keep the 
condition 
just before 
sleep 
























iT {I 








Output Ad- 
dress Strobe 







Output "1" 





dress Strobe 
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062 


IHOVLIH © 


Sleep 
Internal 


p_— 5 , —_____. 
E clock "ee ee ee EE es OL oe Le Le ee i OL 


Stop in sleep 


mode clock Lf | I Lf LJ aor 





Sleep cleared 
Address 


bus CPCn_\PCntIXFFFFXFFFF ———— —— Sleep is recovered 


with interrupt 
masked 


Data 


bus LT e_ ta SOOC~=CSsSSSSC*N Pe 
| | : Interrupt save routine 
Sleep |-—_——— 


instruction 
Address— PCn+1lX¥PCn+2X¥FFFFY SP YSp-I) 
bus where 


Interrupt sleep is 
occurs cleared without 
interrupt masked 





Program 


Fig. 2-12-1 Sleep Instruction Timing Chart 





Fig. 2-12-2 Transitions among Active Mode, Standby Mode 
Sleep Mode, and Reset 
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2.13 TRAP Function 


The CPU generates a TRAP interrupt with the highest priority 
when fetching an undefined op-code or an instruc- 
tion from non-memory space. The TRAP prevents the system- 


burst caused by noise or a program error. 


(1) Op-Code Error 


When fetching an undefined op-code, the CPU saves register 
as well as a normal interrupt and branches to the TRAP service 


routine (vector address=$FFEE, $FFEF). This has the priority 
next to reset. 


(2) Address Error 


When an instruction is fetched from excluding internal 

ROM, RAM, or an external memory area, the MCU generates 

a TRAP interrupt as op-code error. If the instruction 

is fetched from external memory area without memory devices, 


this function is not applicable. 


Table 2-13-1 shows addresses where an address error occurs 
to each mode. This function is available only for the 
instruction fetch, and is not applicable to the normal 


data read/write. 


Table 2-13-1 Address Applicable to Address Errors 


| mode | oo { 2 | 2 | 5s | 6 | 7 | 


¢0000 | $0000 | $0000 









( 
Address | $001F | $001F | $001F 
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3. EPROM (PROM) PROGRAMMING AND TECHNICAL SPECIFICATIONS 


3.1 PROM Mode 


In PROM mode, on-chip EPROM can be programmed while other MCU functions 


stop operating. 


The HD63701V0 can be configured in the PROM mode by connect- 


ing Pao to Voc, P21 to Vgs, P22 to GND, XTAL, STBY and NMI to GND, 
and EXTAL to Vcc respectively. See Figure 3-2. 


The on-chip EPROM can be programmed and read in the same way 
as the 27256. Therefore, general purpose PROM programmer can 
perform programming the on-chip PROM. At this time, a 


socket adaptor which changes the number of pins from 40-pin 





to 28-pin is necessary. Note that the address range must be 
$0000 through $00FF because the on-chip EPROM is 4k bytes. Fill 
remainder of EPROM area with FFFF for PROM programmer to correctly 


verify. The Memory map in PROM mode is shown in Figure 3-3. 












1 

2 

3 

4 Vec Vec 

5 

6 EXTAL 

7 P20 

8 P21 

Port 3 PROM 

? aes HD63701V0 Bake Oe. Or 
10 XTAL Aeg/Puo 


re ahaha STBY MCU 0 Aio/Py2 


—<= | A1i/Py3 | PROM | 
Aie7 Puc Address 


A1r3/Pys5 
Aiy/Pyi 





Port 1 OE/P 46 in 
PROM CE 
Address sae Line 
(Ag VA7) (OE, CE) 
Fig. 3-1 HD63701V0 Pin Assignment Fig. 3-2 Symbolical Pin Configuration 
jn PROM Mode in PROM Mode 
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HD63701V0 
PROM Mode 


PROM Mode 


| 


$0000 


MCU mode 


Internal PROM 


$OFFF 


If an address in this 
area is read in PROM 
mode, it is always 
read as $FF. 





Fig. 3-3 Memory Map in PROM Mode 


3.2 Programming/Verification 


294 


The on-chip EPROM can be programmed in high speed programming scheme, 
which allows the on-chip EPROM to be programmed effectively without 


damaging the device by voltage and provides high reliability. 


The basic programming flow is shown in Figure 3-4. 
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SET PROG. /VERIFY MODE 
Vpp=12.540.3V, Vo¢=6.020.25V 


Address+l + Address 


Program topy=3n ms 


LAST 
Address? 


YES 


SET READ MODE 
Vec=5 -0+0.5V Vpp =Vec +0 .6V 


READ 
All Address 


4 GO 





Fig. 3-4 Programming Flow 


Table 3-1 Mode Selection 





3.3 Erasure (with window package type) 


The EPROM is erased by exposing an LSI to ultraviolet light. 


All erased bits are in the "1" state. 


The conditions for erasing are: ultraviolet light with wavelength 
of 2573A, and a minimum irradiation of 15W:sec/cm?. These condi- 
tions are satisfied by exposing the LSI to an ultraviolet lamp 


rated at 12 ,000UW/cm” for 20 minutes, at a distance of about one 


© HITACHI 
| 295 


inch. Dust of the cap must be removed by a solvent which does not 


damage the package, because the dust reduces the transmittance of 


the ultraviolet light. 


3.4 On-chip PROM Characteristics and Application 
(1) Principles of programming/erasure 


The HD63701V0's memory cells are the same as the EPROM's. 
Therefore, they are programmed by applying high voltage to 
control gates and drains, which injects hot electrons into 
the floating gate. The condensed electrons in the floating 
gate are stable, surrounded by an energy barrier of SiO2 
film, and the proper bit becomes "0" due to the memory 


threshold voltage change. 


Electrons in memory devices decrease as time goes by. 

This is caused by the following: 

@ Ultraviolet light, discharged by photo emitting 
electrons (erasure principle) ; 

Q) Heat, discharged by thermal emitting electrons; 

@) High voltage; discharged by a high electric field, 


control gate or drain. 


If the oxide film covering a floating gate is defective, 
the erasure becomes great. Normally electron erasing 


does not occur because defective devices are removed. 


The proper bit for a memory device whose floating gate 


does not condense electrons is "l". 
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Control 


Si0> ,Control Gate Gate 


Floating Gate 
Gate 


Source Ceeces) sear Source 


Programming ("0") Erasure ("1") 





Fig. 3-5 Cross Section of EPROM Memory Cell 





(2) Precautions on programming 


The higher the program voltage Vpp or the longer program 
pulse width (tpw), better the programming because many 
electrons flow. However, data should be programmed 

under specified voltage and timing conditions. If over- 
voltage is applied to Vpp, the p-n junction may be 
damaged and permanent damage may occur. Pay particularly 
attention to PROM programmer overshoot. Minus voltage 
noise causes a parasitic transistor effect, which may 


cause apparent breakdown voltage. 


The HD63701V0 is connected electrically to the PROM 
programmer through a socket adapter, so also pay attention 


to the followings: 


@) Confirm before programming that the s6eebe caapEey 
is firmly fixed on the PROM writer. 
| (2) Do not touch the socket adapter or the LSI during 
programming because writing malfunction may occur 


from bad contacts. 
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(3) 


Precautions for using the window package type after 


programming 


(NOTES) 


@ Transient current may cause permanent damage to the device 


(a) 


if the socket adaptor and the device are not installed in 


the PROM programmer correctly. 


' Care must be taken to install the socket adaptor and the 


device in the PROM programmer correctly before programming 


the PROM. 


Note that the HD63701V0 programming voltage Vpp must be 
12.5V, not 21V. If the Vpp is set to 21V, it may cause 
permanent damage to the device. Select the Intel 27256 
mode in the PROM programmer to apply 12.5V to the Vpp. 


Glass window for erasure 


If the glass window comes in contact with plastic or 
something else with a statick charge, the LSI may 
malfunction due to e1détrestatic charge on the surface 
of the window. 

If this occurs, exposing the LSI to ultraviolet light 
for a few minutes neutralizes the charge and restores 
it to normal function. However, charge weight 

stored in the floating gate decreases at the same 
time, so re-programming is recommended. 


Electrostatic charge buildup on the window is a fundamental 


cause of malfunction. Measurement for its prevention are 


same as those for preventing electrostatic break-down: 
Operators should be grounded when handling 

equipment. 

Do not rub the glass window with plastics. 

Be careful of coolant sprays, which may 

include a Few ions. | | 


The ultraviolet shading label (which includes 
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conductive material) is effective for 


neutralizing the charge. 
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(b) Precautions after programming the EPROM 


If the device is exposed to fluorescent light or sun 
light, its memory contents may be reversed because 
they include a small quantity of ultraviolet light. 
In strong light the MCU may malfunction under the 
influence of photo-current. To prevent these 
problems, it is recommended that the device be used 
with the glass window for erasure covered with the 
ultraviolet shading label after programming. 

A special label is on the market for this purpose. 
Labels made with metal are effective because they 
absorb ultraviolet light. 


Note the following when selecting a shading label. 





@ Adhesion (mechanical intensity) ---- Adhesion 
is reduced with re-use or dust. When peeling 
the label, static electricity may occur. Asa 
result, erasure and rewriting by ultraviolet 
light are recommended after peeling. (Sticking 
a new label above the old one can be done to 


change labels.) 


2) Allowable temperature range ---- The allowable 
temperature range and environment temperature of 
the shading label should be noted. If it is 
used under conditions exceeding this range, the 
paste may stiffen or adhere to the label, caus- 


ing paste to remain on the window after peeling. 


G) Moisture resistance ---- The allowable moisture 
range and environment conditions of the label 
should be noted. It is difficult to find a 
shade label applicable to all allowable environ- 
mental conditions of the MCU. The proper Label 


should be selected depending on use. 
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3.5 INSTRUCTION SET OVERVIEW 


Besides having object code compatible with the HD6801 series, 
the HD63701V0 adds 6 new instructions; enhances bit control 
instructions (AIM, EIM, OIM, TIM), index/accumulator exchange 
instruction (XGDX), and sleep instruction (SLP). These new 


instructions improve programming efficiency. 


3.6 Addressing Modes 


The HD63701V0 provides seven addressing modes. The adequate 
selection of these addressing mode will permit to implement 
an efficient and easy programming. 


The addressing mode is determined by an instruction type and 
code. The addressing mode for each instruction is shown in 


Table 3-7 to 3-7-4 with execution time counted by the machine 
cycles. When the clock frequency is 4 MHz, the machine cycle time 
will be microseconds. 


(1) Accumulator (ACCX) Addressing 


Operand is contained in either accumulator A or B. 


(2) Immediate Addressing 
Operand is contained in the second byte of the instruction 
except LDS and LDX which contain operand in the second 


and the third bytes. These are two or three-byte 


instructions. — 


(3) Direct Addressing 
The second byte of an instruction contains an effective 
address of operand. 056. byte area $0 through $255 
can be addressed directly. Execution times can be 
reduced by storing operand in these locations. In 
configurating system, it is recommended that these locations 
should be RAM for users' data area. These are two-byte 
instructions, while the AIM, OIM, EIM and TIM are three- 
byte instructions. 
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(4) Extended Addressing 
The second and third bytes of the instruction contain 
the effective address of the operand. These are 


three-byte instructions. 


(5) Indexed Addressing 


The effective address of the operand is the sum of the 
contents of the second byte and the lower byte of the Index 
Register. As for AIM, OIM, EIM and TIM instructions, the 
effective address is calculated by adding the contents of 

the third byte and the lower byte of the Index Register. 

The effective address is held in the Temporary Address 
Register, so the contents of the Index Register is not changed. 
These are two-byte instructions, while AIM, OIM, EIM and 

TIM are three-byte. 


(6) Implied Addressing 

The instruction itself gives the address. 

That is, the instruction addresses an Accumulator, 
Stack Pointer, Index Register, etc. This is a one-byte 


instruction. 


(7) Relative Addressing 


Relative addressing mode is only used in branch instruc- 
tions. The branch address is calculated by adding the 
contents of the second byte and the lower byte of the Program 
Counter. At this time, a carry or borrow is added to the 
upper byte of the Program Counter. The span of relative 
addressing is from -126 to +129 from the op-code address. 


These are two-byte instructions. 
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3.7 Instruction Set 


The HD63701V0 has an upward object code compatible with the 
HD6801 to utilize all instruction sets of the HMCS6800. 

The execution time of the key instruction is reduced to 
increase the system through-put. In addition, the bit 
manipulation instruction, the exchange instruction of the 
index and the accumulator, the sleep instruction are added. 
The followings are described here. 


* Accumulator and memory manipulation instructions (See 
Table 3-7). | 


- Additional instructions. 


* Index register and stack manipulation instructions (See 
Table 3-7-2). 


+ Jump and branch instructions (See Table 3-7-3). 


* Condition code register manipulation instructions (See 
Table 3-7-4). 


* Op-code map (See Table 3-7-5). 
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Table 3-7 Accumulator, Memory Manipulation Instructions 


Condition Code 
Addressing Modes Register 
Operations 
perati IMMEO | OIRECT | INDEX |EXTEND | IMPLIED poten ae Osetaise [5/4 [3[2]1 Jo | 


| ADDA | 88 [2 [2 | ee A 
| apps {ca }2 | 2fea{a{2{[rala[a] [| fe+m—e it felsis tts | 
ADDD eo_fes[s[rfor[s(eler[s[e ale [st | [ feaca mereme [oleh 


jaf2fes[al2iesiaia} 1 | fem 
eS aaa A] [AIR | 
| ccna | oT TT Ge 
Bre Oe a na CC Ce AICI Le 
erat 22 eae eet 


pere 
Remaster: 


Complement, 2's 


least a +2 
(Negate) iii | [40 fata | 00O-A-A 


-8B-B 
‘ : Converts binary add of 8CD 
Decimal Adjust. A as i characters into BCD format 


Decrement pao 2A eT 
HEP 





Exclusive OR 


Load 
Accumulator 


Load Double 
Accumulator 
Multiply Unsigned 
OR, Inclusive 


oO 
Ea 


2) 


itt Ty sist [8 jes) | | lela 
COCO RBC BCS 
COCR ee 


Push Data 


PULA 
PULB 


Rotate regen ROL 
ROLA 
ROLB 

Rotate Right 

anal = Wl GO 
RORB 


Note) Condition Code Register will be (to be continued) 
explained in Note of Table 3-7-4. 


= 


a i a a 


a] | et 
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Table 3-7-1 Accumulator, Memory Manipulation Instructions 


Condition Code 
Register 





















Addressing Modes 


IMMED | orRECT INDEX |EXTEND | IMPLIED 


Operations | Mnemonic 












Boolean/ 
Arithmetic Operation 













































Shift Lett asx | | | || | es [6 [2 78 J 6 [3 | 
nee TS eee 
To eee 
=e 
Shift Right Pash | [TdT | for [6 [2 [77 [6 | z 
ers ase | of ft TT rE UTE] Ct e+? © 
as ae ee ee o G 
Shift Right et} fete 2 rete ta M ae fe Je [R]t (o/s | 
ss Cee Oe 
fae dices tiedles We fetes Jit pow My jefe {Ris OE | 
Double Shift REIRERBIICO) ry Als = fal Os 
Right Logical A? AO 87 80 
Store TAA | [97 {3 {2{a7]4{2je7{4{3} | | ja-m jeje lt] 3 [Re | 
ee | | jo7{3[2le7{4{2ir7[4i3] | | je-™ pejeye[s Rie | 
|| | fools |e feols|2(rols is} | | lace jefe fee fale 
Accumulator B+M+1 
co era 
_suss__{co[2]2]oo[3[2{eo{4|2|roj4|3} | | |pe-mM-6 fe felis is ys | 
[Double Subtract | susd [83 [3/3 [93 [4 |2[a3/s|2[e3/s [3] | | |A:8-M:Msi-a:e le leltis/s/s | 
ee ee jo fe fe fs |e |e | 
Accumulators 
Subtract SBCA Se Para teed CaCaee cA TRCLE A-M-C-+A fe fe eit fs [3 | 
ay SBCB 24242 10255 212A. }4{3| | | [e-m-c-B pe fe it] s [3 [3 | 
Transfer | rap. | | | | Peet tt beh A-8 . jefe lrit Rie. 
Accumulators ea Zee Se 
Test Zeroor = |_‘TST pp tf OPO 1 LE ee CEG) Ge 
ie 7 ee ee tt 0 
, TSTB SF EET OOIEICIEN EE B - 00 pe jet] t (RIR 
And immediate AIM | {| fatfelafe{7{3} [ | [| | [M-imwm—m . fefejz{: {Rie 
FoR immediate | om | | | [vale] atez|7[a} | T11 | [mswmm Telos]: [nfo 
-eonimmedene 1G __}_}_}_fispetstest 74st} ttt tart __tete titi tate) 
[Testimmediate | TIM | | | |78;4{sjea{/s/3j | | | | | [Mumm fo fef:{: [rel 





Note) Condition Code Register will be 
explained in Note of Table 3-7-4. 


Additional Instructions 





In addition to the HD6801 Instruction Set, the HD63701V0 


has the following new instructions: 


AIM --- (M) + (IMM) > (M) 


Executes "AND" operation between the immediate data and 


the memory contents, and stores the result in the 


memory. 


OIM --- (M) + (IMM) > (M) 


Executes "OR" operation between the immediate data and 


the memory contents, and stores the result in the 


memory. 


EIM --- (M) ® (IMM) > (M) 


Executes "EOR" operation between the immediate data and 


the memory contents, and stores the result in the 


memory. 


HITACHI 


TIM --- (M) * (IMM) 
Executes "AND" operation between the immediate data and 
the memory contents, and changes the flag of 


associated condition code register. 


AIM, OIM, EIM and TIM are three bytes instructions; the 
first byte is op-code, the second is immediate data, and 


the third is address modifier. 
XGDX --- (ACCD) «+ (IX) 
Exchanges the contents of accumulator and the 


index register. 


SLP --- The MCU goes to the sleep mode. Refer to "Low 
Power Dissipation Mode" for more details of the 


sleep mode. 


Table 3-7-2 Index Register, Stack Manipulation Instructions 


Addressing Modes 
i i Boo! 
ene frwmeo. [poner [ woex [exteno [uwrcieo | AunmeneSowaton [STa [3 [2] To | 


LH iin {2 ivic | 


Compare Index Reg 


Decrement Index Reg 
Decrement Stack Pntr 


increment Index Reg 
Increment Stack Pntr 
Load Index Reg — 
Load Stack Prtr_ 
Store Index Reg 

Store Stack Pntr 


Index Reg — Stack Pntr 
Stack Pntr — Index Reg 
Add 


Push Date 


M -- SP, (M+1)— SP. 
Xn > M, X= (M + 1) 


SPiy > M, SP, — (M1) 


Pull Data SP + 1 SP, My — Xn 


SP + 1-- SP, Mg, = Xp 





Note) Condition Code Register will be 
explained in Note of Table 3-7-4. 
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Table 3-7-3 Jump, Branch Instruction 


Condition Code 
Register 
pmo pact 
Le Luin |zivic | 
goaG 















Addressing Modes 










RELATIVE | DIRECT | INDEX 









Mnemonic 


Operations 















BSS am mGa ain ¢| oe 
=n ae Gee eee eles =e 
Branch If Carry Clear f24{3}2] | | | | C=0 © | 
Branch If Carry Set | 25 | 3| eee oi C=1 © | oo 






Branch If = Zero 
Branch If > Zero 


Branch If > Zero BGT 
Branch If Higher BHI 


IS 
~ 


ie | 
Tears —— ee 
N@v-a Sess e 


Z+(N@vV)=1 


C+Z=1 


Branch If < Zero BLE 


Branch If Lower Or 
Same BLS 


Branch If < Zero 32] | 
Branch If Minus | emi =f 2B] 3i2] | 


Branch If Not Equal 
oe ene |26) 3/2 
Branch If Overfiow 

eve ele 


Branch tf Overflow Set BVS 


oO 
+ 
N 
4 
fo) 


Cort 









2 
n 
°o 


Bla e ee aeicialcs 
i 


ELE ne eee 
RiGee 
eee 









Advances Prog. Cntr. 
Only 


| ii 
4 " 
-| 0 
ee ele espe se 8) 8 8 se) el 
se 
ee 
pete tote 








Return From — 
Subroutine 


RTI 
RTS. 5 
Software Interrupt 
poe ar ane 
La =m (EP DCD HV 
Note) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes 
to the three state level.Condition Code Register will be explained 
in Note of Table 3-7-4. : | | 













ol ~ 
orm 





Table 3-7-4 Condition Code Register Manipulation Instructions 


Condition Code Register. 
js{a{3|{2 {1 ][o 
pHi tin iz ivic| 
CAR eee CE 


Set Carry 
Set Interrupt Mask 


Accumuletor A CCR TAP 
CCR = Accumulator A 





[NOTE] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


(All Bit) Set according to the contents of Accumulator A. 
(BitC) Result of Multiplication Bit 7=1? (ACCB) 


® (BitV) Test: Result = 10000000? 

@ (BitC) Test: Result ¥ 000000007 

@ (BitC) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 

@® (BitV) Tesi: Operand = 10000000 prior to execution? 

© (BitV) Test: Operand = 01111111 prior to execution? 

© (Bit V) Test: Set equal to NeC=1 after the execution of instructions 

@ (BitN) Test: Result less than zero? (Bit 15=1) 

® (AN) Load Condition Code Register from Stack. 

® (Bit |) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait 
state. 

@ 
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Table 3-7-5 OP-Code Map 















































UNDEFINED OP CODE C=) 
* Only each instructions of AIM, OIM, EIM, TIM 


3.8 Instruction Execution Cycles 


In the HMCS6800 series, the execution cycle of each 
instruction is counted from the start of the op-code 
fetch. | 


The HD63701V0 employs a mechanism of the pipeline control for 
the instruction fetch, so the subsequent instruction is 


prefetched during the current instruction being executed. 


Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD63701VO. 


Table 3-7-6, provides the information about the Address Bus, 
Data Bus, and R/W status in cycle by cycle basis during 


each instruction execution. 
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oP ACC | ACC ACCA or SP ACCB or X 
jeooe | a 8 | m0 oe oo [oa om | wo Po 
Sk a ef ee 
ee ee ee ee ee 
fooonfol——Tsea [era [tex | weGC TS C—“~*sSBSC“‘CSNSNSCN#CSC#C#‘#dqSON 
fooor [1 [NOP [cea [BRN [INS | =" |_Ai CMP rr 
root] 2 | ort Puta [| Om sac A 
Foor] s | ats _| PUL SUBD ADOD rs 
Foro] «esr [| acc [oes | iS AND a 
Foran | s [asuo [Tacs [txs | |_| ait Es 
forte] @[ TAP [TAB [BNE |PSHA| ROR LDA re | 
font|7 [tea [Tea [Bea [PsHBy ASR. ———SS«d | SSSA SC«dC =]. STA 
rrooo | @ [NX [ XGDx] BvC | PULX ASL re} 
| 1001] 9 | OEX | DAA | BVS | ATS ROL ADC 9 | 
frow[afeu [sup fer [ax [oe] SC~C~S ACSC 
rion] e | Sev_[ ABA [emir [aT | | ADD 8 
rele ete een eee cP (oD 
fof [sec [faut | Mu | a eee eee 
pmofe feu | ect [war [= ibs fe 
fn [e [se [| | ae | sw CLR 
ps0 er 
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Table 3-7-6 Cycle by Cycle Operation 








Data Bus 













~ 


Op Code Address + 
Op Code Address + 2 


Operand Data 
Next Op Code 












Address 
Op Code Address + 
Address 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


N 





























Op Code Address + 1 Address of Operand (LSB) 
Address of Operand Operand Data 
Op Code Address + 2 Next Op Code 


Op Code Address + 1 
Destination Address 
Op Code Address + 2 


Destination Address 
Accumulator Data 
Next Op Code 





Op Code Address + 1] 
Address of Operand 
Address of Operand + 1 
Op Code Address + 2 


Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 











Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Op Code Address + 1 
Destination Address 
Destination Address + 1 
Op Code Address + 2 


OUhWNRH IT a WHE OB WN Ee] & wD re WN FE 









Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer - l 
Jump Address 


Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 









Immediate Data 

Address of Operand (LSB) 
Operand Data 

Next Op Code 


TIM Op Code Address + 1 
Op Code Address + 2 
Address of Operand 


Op Code Address + 3 













Immediate Data 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 


(to be continued) 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address + 3 
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Address Mode boeis 
& Cycles os Address Bus 
Instructions 


INDEXED 


JMP . Op Code Address 
3 2 FFFF 
3 Jump Address 


Op Code Address 
FFFF 

IX + Offset 

Op Code Address 


~ 





STA Op Code Address 
FFFF 
IX + Offset 


Op Code Address 


Op Ccde Address 
FFFF 

IX + Offset 

IX + Offset + 1 
Op Code Address 


Op Code Address 
FFFF 

IX + Offset 

IX + Offset + 1 
Op Code Address 





Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
IX + Offset 


Om PWNHERIT UBWNHE LT UBWNHKE!] OO BWNHeE] BWD mH WN 


Op Code Address 
FFFF 

IX + Offset 
FFFF 

IX + Offset 

Op Code Address 





Op Code Address 
Op Code Address 
FFFF 

IX + Offset 

Op Code Address 


TIM 
5 
CLR 
5 
5 





Op Code Address 
FFFF 

IX + Offset 

IX + Offset 

Op Code Address 


l 
2 
3 
4 
5 
1 
2 
3 
4 


Op Code Address 
Op Code Address 
FFFF 


IX + Offset 
FFFF 

IX + Offset 

Op Code Address 


O » 

HH 

= = 

ty 

Hi 

= 
poe 
NOU BWNH 
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FPORPRP RP RFP RE ITP ORR RIP RP BPE PLHP ORF RP EIRP OORHFIRPOOHRKI BHP RPRPHIHPOFRPR ee oe rf one | 





Offset 

Restart Address (LSB) 
First Op Code of Jump 
Routine 





Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 


Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


Immediate Data 
Offset 


Restart Address (LSB) 
Operand Data 
Next Op Code 







Offset 

Restart Address (LSB) 
Operand Data 

eye) 

Next Op Code 


Immediate Data 
Offset 
Restart Address (LSB) 


Operand Data 
Restart Address (LSB) 
New Operand Data 
next Op Code 
(to be continued) 
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Address Mode 
& 


Instructions 


EXTEND 


a Address Bus 


1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
5 
2 
3 
4 
5 


Op Code Address 
Op Code Address 
Jump Address 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address + 3 


Op Code Address + 1 
Op ‘Code Address + 2 
Destination Address 


‘|Op Code Address + 3 


Address + 1 
Address + 2 
of Operand 


of Operand + 1 


Address + 3 


Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Destination Address 
Op Code Address + 3 


Op Code Address + 1 
Op Code Address + 2 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Jump Address 


Address + 1 
Address + 2 
of Operand 


of Operand 
Address + 3 


Address + l 
Address + 2 
of Operand 
of Operand 
Address .+ 3 
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FPORP RPE IP ORPRPEF HE IEP OORPRPRFIRPOORKR/RP BPE EF I/RPORPFH ee pee 









Data Bus 


Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 


(MSB) 
(LSB) 


Destination Address 
Destination Address 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Jump Address (MSB) 

Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data . 
Restart Address (LSB) 
New Operand Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

0O 

Next Op Code 


(to be continued) 


Address Mode ae 
& s 4 Address Bus 


Instructions 


Data Bus 





IMPLIED 







XGDX 
PULA PULB 


PSHA PSHB 
PULX 


PSHX 


Ov Code Address + 1 


FFFF 
Stack Pointer + 


Op Code Address 
FFFF 

Stack Pointer 
Op Code Address 


Op Code Address 
FFFF 

Stack Pointer + 
Stack Pointer + 


Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
Op Code Address 


Op Code Address 
FFFF 

Stack Pointer + 
Stack Pointer + 
Return Address 










Op Code Address 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 








Op Code Address + 1 






Next Op Code 


Op Code Address + 1 Next Op Code 
FFFF Restart Address (LSB) 




















Next Op Code 
s Restart Address (LSB) 
1 | Data from Stack 


1 |Next Op Code 
1 | Restart Address (LSB) 
O |Accumulator Data 

1 |Next Op Code 


Next Op Code 
; Restart Address (LSB) 
1 |Data from Stack (MSB) 
1 |Data from Stack (LSB) 


1 |Next Op Code 
: Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
i Next Op Code 
















Next Op Code 
; Restart Address (LSB) 
1 |Return Address (MSB) 
1 |Return Address (LSB) 
1 {First Op Code of 

Return Routine 















1 Code 

1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address (LSB) 
1 |Restart Address 








(to be continued) 
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re Address Bus | W | Data Bus 


Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
Stack Pointer - 
Stack Pointer - 
Stack Pointer - 
Stack Pointer - 
Stack Pointer - 





IMPLIED 









Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 

Accumulator B 

Conditional Code Register 


Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 
Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of 
Return Routine 














+1 OUBWDHN Ee 





Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer 
Stack Pointer 
Stack Pointer 
Stack Pointer 
Stack Pointer 
Stack Pointer 
Return Address 





+ ttt tt + 
NOU PB WDE 











Op Code Address 
FFFF 

Stack Pointer 
Stack Pointer - 
Stack Pointer - 


1 Next Op Code 
2 

3 

4 

5 

6 Stack Pointer - 

7 

8 

9 

0 


Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine 
(MSB) 
Address of SWI Routine 
(LSB) 
First Op Code of SWI 
Routine 









Stack Pointer - 
Stack Pointer - 
Stack Pointer 6 
Vector Address FFFA 


Os wd 







Vector Address FFFB 








Address of SWI Routine 


Op Code Address + 1 
FFFF 
FFFF 





Next Op Code 

Restart Address (LSB) 
High Impedance - Non 
MPX Mode 

Address Bus -— MPX Mode 


Restart Address (LSB) 
Next Op Code 


(to be continued) 








FFFF 
Op Code Address + 1 
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Address Mode Apa at 
& Cycles ae Address Bus R/W Data Bus 
Instructions 





RELATIVE 


Op Code Address + 1 Branch Offset 
FFFF Restart Address (LSB) 
Branch Address First Op Code of Branch 
Test = "1" Routine 
Op Code Address Next Op Code 
Test = "0" 


Op Code Address + 1 Offset 

FFFF Restart Address (LSB) 

Stack Pointer Return Address (LSB) 

Stack Pointer - l Return Address (MSB) 

Branch Address First Op Code of 
Subroutine 





3.9 System Flowchart 





A system flow of the HD63'701V0 is given in Fig. 3-7-7. 
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IVEC TORING! PC —PC-1 
(A) CEFFE-FFFE 6) 
|NSTRUCTION FETCH PC — PC-1 
STACK 
saa eee ee PCH — MSP-1 
NO iXL -» MSP-2 
<te> YES IXH ~ MSP-3 
NO EXECUTE ACCA — MSP-4 
YES INSTRUCTION ACCB — MSP-5 
CEO 
NO us CCR — MSP-6 
Y A 
<SLEEP> 
aa © WAI 
EXECUTE 
YES 
<VMI I> 
<jRa: ?> 
<tro:}> 


NO SLEEP Flag 
CLEAR 


VECTORING VECTORING 
FFF6, FFF7 


NMI INTERRUPT 
REQUEST FLAG 
CLEAR 


INTERRUPT REQUEST FLAG 
EXCEPT NMI CLEAR 





Fig. 3-7-7 HD63701V0 System Flowchart 
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3.10 PIN ARRANGEMENT AND PACKAGE INFORMATION 


@ HD63701VOC, HD637A01VOC, HD637B01VOC (DC-40) 





Fig. 3-10-1 Pin Arrangement 


Unit : mm(inch) 


= 50.26 
(7.979) , 
21 





€ 
i€ 
IS 
NN 
i) 
° 









2.54min!5.06max 
(0.1COmin) (0.200max) 





2.5440.25 0.48+0. 


1 1.27 +0.005 
(0. 10040.010)' 17(0.019+0.004) | 10.050) (0.01079 902) 


Fig. 3-10-2 Package Information 
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-11 ELECTRICAL CHARACTERISTICS 


« ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value | Unit 


Sapp Votan a= ; 
Input Voltage Vin -0.3 ~ Vect0. 3 V 


Operating Temperature -C 
Storage Temperature SS —55 ~ +125 °C 


(NOTE) This product has protection circuits in input pin from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout: Vss & (Vin Or Vout) & Vec- 


m MCU ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vec= 5.0V + 10%, -~ f = 0.1 ~ 2.0 MHz, Veg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 





RES, STBY a ae Vec Vv 
input “High” Voltage | EXTAL | Vecx0.7] — | 03 
gene = n=05-Vec-osv |= | =| 190 | yn 
Three State (off-state) Seay aoe Pr, 
Leakage Current Pao ~P37, Pag ~Pa7, LA 
IS3 
ee on = 2005 SY a eS 
utput “High” Voltage) All Outputs 
lon = —10HA Mec-0.7| - | - | VY 
Output “Low” Voltage| All Outputs mol lol = 1.6mA | = | = | 0.55 Vv 
; ie Vin = OV, f=1.0 MHz FE 
Input Capacitance All Inputs Cn Ta= 25°C p 
Current Dissipation”: mA 
RAM Stand-by Voltage [Vem] | | | V 


* Vir min = Voc -0. 8, Vit max = 0.8V A11 output pins have no load. 


** Current Dissipation of the operating or sleeping condition is proportional to the 
operating frequency. So the typ. or max. values about Current Dissipations at x 
MHz operation are decided according to the following formulas. 


typ. value (f = x MHz) = typ. value (f= 1MHz) xx 


max. value (f = x MHz) = max. value (f = 1MHz) xx 
(both the sleeping and operating) 
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® AC CHARACTERISTICS (Vcc = 5.0V + 10%... f=0.1~2.0 MHz, Vsg = OV, Ta = O~+70°C, unless otherwise noted.) 





BUS TIMING 
: eee i HD63701V0 HD637A01V0 | HD637B01V0 rae 
em mbo on- n 
: dition | min | max | min | max | min | max 
Address Strobe Pulse Width “High” | PWasni>_ 320 [= [180 [= [0 [=a 
Address Strobe Rise Time tase | fe 
Address Swobe Delay Tims ey = ae - [a - [ 
Enable Rise Timo A A a 
Enable Fall Time rer] = [= 0 = 
Enable Pulse Width “High Level | PWen~ _| aso | — [300 | - [20] - | 
Enable Pulse Width “Low” Level [aso |_— [300 |_— | 220 | — | ms 
Address Strobe to Enable Delay Time | 6o]| -— {| 40, - | 20] - | ns 
= ee 
Aaddres Delay Tim for Latch p= [60 [= [190 | =| 100 | 
DataSet Tine | Wee [tage | aso f= eo ros 
a Svan ila Peet 
[Write [aw eof =f o> - | > - [os 
Address Sevup Time for Latch = a= = 
Address Hold Time for Latch [300 [= 20 | 
he ~ Ar Set-up Time Bafore E 200 [= | 0 | - | oo] — | + 
Peripheral Read| Bus 
Oscillator Stabilization Time | tac Fig. 27-1, 20} - {| 20; - {| 20] - | ms 
Processor Control Set-up Time Fig. 2-8-1 | 200 { -— | 200] — | 200] - | ns 
“These timings change depending on the tcyc. The values in the table are those when the tcyc is minimum. 
PERIPHERAL PORT TIMING 
s ni 
ee LI [Litton [min [imax [min | max | min | max | 
Peripheral Data Port 1.2.3.4 - 
Set-up Time ea aes 
sare | pease [er [wel | Pm [ Pel To 
gear oMtnwee [or [eos] | mm] - | ae] - | 
Transition to OS3 Negative ns 
Transition 
Delay Time, Enable Positive 
epee [= [ee[-[=[-[=|-[| 
Transition 
Delay Time, Enable Negative 
Transition to Peripheral Data Fig. 6-4 ns 
Valid 
input Stabe Pulse Width ems | Fa 66 [200 [= [200 |= [200 [= [os 
input Strobe Rise Time Tis; | Fase - [| so] - | so | -_ ns 
Input Strobe Fall Time | tise | Fig. 6-6 | 50 | - | sol — | ns 
input Data Hold Time [Pon [tm | Pwo | ie - | veo] — | WO | — | ms 
input Date SetupTime [Pot3 |ts | Fia6s| oO] - | of - | o[ - | ™ 


* Except Pat 
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TIMER, SCI TIMING 


Item 


Timer Input Pulse Width 
Delay Time, Enable Positive 
Transition to Timer Out 

SCI Input Clock Cycle 

SCI Input Clock Pulse Width 


MODE PROGRAMMING 


- nee Test | HD63701V0_ HD63701V0 |HD637A01V0|HD637B01V0 - 
n- 
ve _{dition | in | typ | max | min | typ | max | min] typ | max| 
RES “Low” Pulse Width | PWastu P3f[-[-[3}-][- | 3] - |] - [ta 
Mode Programming Set-up Time Fig. plese eS ee teve 
Mode Programming Hold Time 6 - 8) iso| — | — [150] — | — [iso] - | - | ns 


Address Strobe 
(AS) 


(SC; ) (Port 4) 


MCU Write 
Do~D,, Ay ~A; 
(Port 3) 


MCU Read 
Do ~D,, Ao ~A 
(Port 3) 


Fig. 3-11-1 
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ae 
eagesne 


tosR 


tHR 


Data Valid 


({taccm) 


Not Valid 





Expanded Multiplexed Bus Timing 
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Ao~Ax (Port 4) 
R/W (SC) Address Valid 


TOS (SC;) 


MCU Write 
Do~O, 
(Port 3) 


a — 
st == KD 


ULL Not Valia 





Fig. 3-11-2 Expanded Non-Multiplexed Bus Timing 


MCU R 
f me [ MCU Write 


0.8V 


Alt Data 


Port Outputs Vv Data Valid 


*Port 3 Non-Latched Operation Note) Port 2: Except P,, 





Fig. 3-11-3 Port Data Set-up and Hold Times Fig. 3-11-4 Port Data Delay Times 
(MCU Read) (MCU Write) 


[_ MCU Access of Port 3° 


Addre 
Bus ($0006) 


enone tT toso 
683 Os01 OSD2 
2.4V 
. 0.8V 


*Access matches Output Strobe Select (OSS = 0, a read; 
OSS = 1, a write) 





Fig. 3-11-5 Port 3 Output Strobe Timing Fig. 3-11-6 Port 3 Latch Timing 
(Single Chip Mode) (Single Chip Mode) 
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Timer Output Compare 
Counter Matched 


P, i 
Output 


Mode Inputs 
(Pio. P,, ° P.3 ) 





Fig. 3-11-8 Mode Programming Timing 


Vee 


Re = 2.2kQ 


Test Point 
1$2074 (H) 
or Equiv. 


90 pF for Pig ~ Py7, Pag ~ P37, Pao ~ Pa7,SC1, SC2,E 
30 pF for Pa9 = Py 
12 k2 





Fig. 3-11-9 Bus Timing Test Loads (TTL Load) 
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= PROGRAMMING ELECTRICAL CHARACTERISTICS 


® DC CHARACTERISTICS (Vcc = 6.0V + 0.25V, Vpp = 12.5V + 0.3V, Veg = OV, Ta = 25°C + 5°C unless otherwise noted.) 


tem Si Bi a eee BS 

TiC Er wee Oe ret. eames 
Output “High” Voltage Oo~0; i BE 
ee 

Le! 

ial 


: : 


Input Leakage Current Oo~O7, Ap~Ay4, OE, CE = §. BVO. 5V 


Vpp Current 


@ AC CHARACTERISTICS (Voc = 6.0V0.25V, Vpp = 12.5V+0.3V, Vgg = OV, Ta = 26°C 45°C unless otherwise noted.) 


Test 


c 


Address Set-up Time 

CE Set-up Time 

Data Set-up Time 
Address Hold Time 

Data Hold Time 

Data Output Disable Time 






of 
< 
v 
n 


Vpp Set-up Time 
Program Pulse Width (High Speed Writing) tp 
Program Pulse Width 78.75 
Vcc Set-up Time tycs 
Data Output Delay Time 


*1 Input Pulse Level = 0.8~2.2V 

Input Rise Time/Fall Time S 20ns. 
input: 1.0V, 2.0V. 
Output: 0.8V, 2.0V. 


lil 


Tuning Reference Level 


Program Verify 








Address y 





TAS 


Data Data In Stable 


Vpp 

Vcc 
“_ Sauk 
CE 





Fig. 3-11-10 PROM Program/Verify Timing 
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Unit 
V 


Vv 

V 

V 
pA 


mA 
mA 


Unit 
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4, APPLICATIONS 


4.1 Use of External Expanded Mode 


The HD63701V0 supports four operation modes 1, 2, 5 and 6 as 
external expanded modes. Usage of these modes is detailed in 


the following paragraphs. 


(1) Non-multiplexea modes 


(a) Mode 1 (New Mode) 
In this mode, Port 3 functions as data bus, Port l 
as lower address bus (Ao - A7), and Port 4 as upper 
address bus (As - Ais). Since 16-bit addresses are 
sent out in parallel, the HD63701V0 can access up to 
65k memory space with no address latch externally 


in this mode. 
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HD63701VG MCU 





=| 





Address Address Data 
Bus Bus Bus 
(LSB) (MSB) 


Fig. 4-1-1 HD63701V0, Mode 1 
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If an internal memory address and an external memory 
address are overlapped, the memory address can be 
accessed as follows. When writing, the same data can 
be written into both internal and external memories 


simultaneously. 


When reading, only internal memory can be read while 


the external memory can not be read.. 


The same operations can be applied to modes 2, 5, 


and 6. 


In mode 1, external memory addresses range from $00FF 
to $FFFF and so internal mask ROM located in $F000 


through $FFFF can not be accessed. 


After reset, Port 1 functions as lower address bus (Ag - 
A7), Port 4 is a upper address bus (Ag - Ais). 


(b) Mode 5 (Equivalent to Mode 5 of HD6801V) 


Port 3 works as data bus; and Port 4 as address bus 


(Ao - A7) or input pin by programming the DDR. In this 


mode, pin 39 provides the result of the following decoding: 


Ais* Awe Ais* Ais Aine Ais AgtAs 


This output signal may be used as a chip select or 
chip enable signal permitting to access an external 
memory up to 256 byte locations ($0100 - $01FF). 

The pin function of Port 4 can be changed from an 
address line to an input port if the system does not 
need all of the 8 address lines by writing zero into 
the corresponding bit of Port 4 DDR. 


An example of connection with PIA (HD6821, HD6321) 
is shown in Fig. 4-1-2. 
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HD6 821 
HD6321 


CA 


CB, 
CA> } 
CB2 





Fig. 4-1-2 Connection of HD63701V0 with PIA 





(2) Multiplex Modes (Modes 2 & 6) 


Any multiplex mode provides a time multiplexed address 
and data on port 3. Therefore, an address latch is 


required externally to access external devices. As 
(Pin 39) signal is used for an address latch strobe. 
An example of HD63701V0 and CMOS latch interface is 
shown in Fig. 4-1-3. 


It should be noted, however, that the HD63701V0 can 
not operate at more than 500 kHz when interfaced with 


the latch. 
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HD14508B 


Address buses 
Ay to A7z 


Data buses 
Do to D7 


Fig. 4-1-3 CMOS Latch 


For high-speed operation, 74LS373 or high speed CMOS 
latch (74HC373) is desirable to minimize the delay time. 


(a) Mode 2 (Equivalent to HD6801V Mode 2) 


(b) 


In this mode, the internal mask ROM ($F000 through 
$FFFF) is disabled and external memory becomes valid 


instead. Port 4 functions as the upper address bus. 


Mode 6 (Equivalent to HD6801V Mode 6) 


In this mode, the internal mask ROM is enabled. 
Port 4 functions as address bus (Ag - Ais). 


Since Port 4 becomes input mode after reset, 
the DDR must be programmed to "1" to use the port as 


address bus. 
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HD63701vo0 jEnable 
I 





Fig. 4-1-4 HD63701V0 MCU Expanded Multiplexed Mode 
4.2 Standby Mode 


Bringing STBY "Low", the HD63701VO goes into the Standby 
mode. In this mode, the CPU becomes reset and all 
clocks of the HD63701V0 become inactive. 


The contents of the internal RAM is retained as long as Voc 
is supplied (Vee > 2V). Under Standby Mode, memory back-up 
is possible with only a few wA of leakage current. When 
STBY is brought "High", the MCU exits from Standby Mode. 
When "1" level is detected at STBY pin, a clock 

generator begins to oscillate and the internal reset 
condition is released. At this time, RES signal must be 
held "Low" for at least OSC stabilization time (tp) 

before the CPU operation testarts. Otherwise, the normal 


operation is not guaranteed. 


Fig. 4-2-1. 
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STBY - Mode 


Set NMI pin 
to "Low" 


NMI Routine 


l1Store the contents 
of registers into 
RAM (if necessary) 

2Set each bit in 


RAM Control Status 
Register to 
RAME="0", STBY="1" 


3,.SLP executed Restart R 


Test and judge STBY 
bit in RAM Control 
Assert STBY Status Register 


to "Low" a a Vec was supplied. 








"O"sV_ was not 


ce supplied. 


Clock stops 





Assert RES 
to "Tow Lh 


Is the 
Standby 


mode 
released? 


YES 





Negate STBY 
~ to "High" 












Is the 
oscillation 
stable? 


YES 


Negate RES 
to “High" 


Fig. 4-2-1 Flowchart of Standby Mode Application 
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The timing relationship shown in Fig. 4-2-2 must be satisfied. 


a 


| 


° RAM Control Status Oscillator Stabilization Time 
Register Bits set 


° Register Save 





Fig. 4-2-2 Timing Chart of Each Signal 


* Either RES1 or STBYl can become "0" level as long as 


the execution time of NMI routine is quaranteed. 


Fig. 4-2-3 shows an example of a circuit to implement the timing 
sequence shown in the Fig. 4-2-2. 


System power line 








To other device 
of the system 





Switch ve 
i + 


Ri< Ro, 
R..C >» 20ms 
ba 


HD63701V0 


Fig. 4-2-3 Example of Circuit Diagram for a Standby Operation 
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<Precaution for using Standby Power bit> 


The Standby power bit in the RAM control status register 
detects that Vcc is supplied or not. When the Vcc rise 

time is equal or less than 100us, the Standby power bit 

may not be cleared. To avoid this, the Vcc rise time should 
be more than 100us, for example, by using the larger 

bypass capasitor. 


4.3 Address Trap, OP-Code Trap Application 


The HD63701V0 facilitates two trap functions, the op-code 
trap and the address trap, to protect the HD63701V0 to 
proceed an erroneous operation. The op-code trap is 
generated when an illegal or undefined op-code is fetched. 
Therefore, when undefined codes listed below are fetched, 

a trap is caused and the HD63701V0 avoids further erroneous 
operation. The priority level of the op-code trap interrupt 
is next to the RESET. Undefined codes of the HD63701V0 are: 
$00, $02, $03, $12, $13, $14, $15, $1C, $1D, $1E, $1F, $41, 
$42, $45, $4B, $4E, $51, $52, $55, $5B, $5E, $87, $8F, $C7, 
$CD and $CF. 

The address trap is generated when an op-code is fetched 
from the memory area shown in Table 2-3-1. It should be 
noted, however, this function works only under op-code fetch 
(not for data access). Under the support of error processing 
program in trap service routine, the user can realize the 
proper error processing for the application system. An 


example of restarting from the trap service routine is shown 


below. If RTI instruction is ex2:cuted at the end of the 


trap service routine, the program is restarted at the 
location where the trap interrupt is generated and then 


another trap may occur again. 


So, special care must be taken when a programmer uses trap function. 


Main Routine TRAP Service Routine 


START LDS STACK JMP START 


eecore FY 
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4.4 Slow Memory Interface 


Here described is the example of clock width controll circuit 
and its timing chart, where E-clock high time is extended 


to assure enough access time. 


The expanded enable high pulse width (PW! a) s which is 
implemented by using the circuit shown below, is calculated 


as follows: 





PW! eH = (ntl) *tasove + PWay < 10 - PWy (us) 
where n : Integer part of lty/* agcyc! 
A beyc? 4g clock cycle time (us) 
PW : Enable High pulse width (ys) 
PWo4, : Enable Low pulse width (us) 
ty : approx. 0.45 > Coxt (PF) . Roy (K2) x 107? (us) 
The circuit shown is for a reference purpose. It is assumed 


that users will refine it for actual design. 


EXTAL E 
N.C. XTAL 
address 


Address 
HD6 3701 V0 decoder 


HD74LS1 23* HD74LS174* 


* Equivalent CMOS gates 
To CS, etc. are available. 





Fig. 4-4-1 Clock Control Circuit 
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PW' eH accent 
Address Valid 


oan 
T 
Address poe Pd) 


t emai’ 
ACC / Data, 


Data Val 


By 


Qi 





Fig. 4-4-2 Clock Timing 
4.5 Interface to HN61256 


An examples of the interface to a slow memory device, 
HN61256 (CMOS 256k bit Mask programmable ROM), is described 
here. 


The AC characteristics and the access timing of the HN61256 
is shown in Fig. 3-5-1. 


Item 
Read Cycle Time 


Y) 
3 
o 
O 
we 


ty 
Q 
Q 
roo) m1 3 
e e - 
ul oO; 3 
@ |W | Ww 
u}o;u 


ct 
ct 


Address Access Time 


a: 
Q 


Chip Enable Access Time 


ct 
0 


Data Hold Time from Address 


cr 
> 
n 


Address Set-up Time 
Address Hold Time 
Chip Enable ON Time 


ct 


Oo }W 
Ul; © 


Chip Enable OFF Time 


Address 





Fig. 4-5-1 AC Characteristics and Access Timing of HN61256 
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4.5.1 Use of Two Latches 


Two HD14508Bs are used in order to latch 16 bit address. 
An example of the program and its access timing are shown 
in Table 4-5-1 amd Fig. 4-5-3, respectively. 


HD14508B 
HN61256 


HD6 3 701V0 
(Single Chip Mode) 





Fig. 4-5-2 HD63'701V0 and HN61256 Interface by Two Latches 
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Table 4-5-1 An Example of the Program 


Mnemonic 


LDAA #$FF 

STAA P4DDR Port 4 is the output port. 

LDD #$ADDRS1 Data that is the address's upper 8 
bits including CS signal and changes 
STl into high and ST2 into low. 
Enables STl, disables ST2, and 
moves the address's upper 8 bits 
into Port 4. 

#$ADDRS2 Data that is the address's lower 

8 bits and changes STl into low 
and ST2 into high. 
Disables STl, enables ST2, and 
stores the address's lower 8 bits 
into Port 4. 
Data that changes STl and ST2 into 
low and CE into active. 
Disables STl and ST2 and enables 
CEs 


Port 4 becomes the input port. 
Reads data. 
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SEE 


IHOVLIH @ 


E 
Address 


Address 
AoVA7 


Ag vA 4 ,CS 


Port 4 Read 


Data Valid 


Fig. 4-5-3 Access Timing 





4.5.2 Extending E clock 


Fig. 4-5-4 is an example circuitry to extend the E clock. 


The operation mode of the HD63701V0 is in mode 6; and the clock 
frequency of 4¢ is 4 MHz. 


$0000.$7FFF 
HN61256 
CS: Active-high 


HD63701VO (Mode 6) CE: Active-low 


*The detail of this circuit is described in Fig. 4-4-1. 





Fig. 4-5-4 HD63701V0 and HN61256 Interface by extending 
E clock cycle 


CX KK KKA XK 
SOR KRX 

cau { 
‘pia CE -——; 


t 
02 
| 





Fig. 4-5-5 HN61256 Read Timing 
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In this example, PW,,, of which timing is extended by using 
the clock control circuit (Fig. 4-4-1) must be at least 


4 us. The LS173 is to assure enough address set up time 
(tag) of HN61256. 


4.6 Interface to the Realtime Clock (HD146818) 


The HD146818 (realtime clock + RAM : RTC) is a CMOS micro- 
computer peripheral LSI that incorporates the clock and 
calendar functions to compute year, month, day, day of week, 


and time. When this HD146818 is interfaced to the HD63701V0, 


this LSI provides a real time clock information to be 
displayed. 


In addition, the HD146818 can be also utilized as a system 


interval timer and a square waves generator. An example of 
the HD146818 and the HD63701V0 interface is shown in Fig 4-6-1. 


It can be interfaced under the expanded multiplexed mode 
(mode 6) of the HD63701V0. 
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HD146818pP 


X-tal 
4.194304MHz 





Fig. 4-6-1 HD63701V0 and HD146818P Interface 
(MCU Expanded Multiplexed Mode) 


The calendar and clock display functions of HD146818 are 


shown below. 


SECONDS | 00 
SEC ALARM O01 
MINUTES 02 


MIN ALARM 03 


HOURS 04 


HR ALARM 05 
DAY OF WK 06 


14 bytes 


Binary/BCD 


pars oF won|? 
wow ———*do 
year —=idios 
control register A |0A 


Control register B |0B 


wo ON HD UV FP WN F CO 


a ee 
NF Oo 


Control register C |0C 


~ 
W 





Control register D |0D 





Fig. 4-6-2 HD146818 On-chip RAM Address Map 
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Table 4-6-1 HD146818 Time, Calendar, & Alarm Data Display 





Data range Data range (Hexadecimal) 


Address PEperton (Decimal) Binary data | BCD data 
mode mode 


SECONDS 0 to 59 00 to 59 
SECONDS ALARM 0 to 59 00 to 3B 00 to 59 


HOURS | 12-hour 1. 20:12 Ol to O0C/ O01 to 12/ 
mode 81 to 8C* 81 to 92* 
0 


to 23 


24-hour 0 to 23 00 to 17 0 
mode 

12-hour 1 to 12 O01 to OC/ 01 to 12/ 
mode 81 to 8C* 81 to 92* | 


DAY OF THE WEEK 01 to 07 01 to 07 


DAY OF THE MONTH 1 to 31 01 to 1F 01 to 31 
| 8 | MONTH 1 to 12 01 to 0c Ol to 12 


YEAR 00 to 63 00 to 99 









HOURS 
ALARM 


*:; The most significant bit differentiates between AM 


and PM. That is, 0 = AM and 1 = PM. 
kee] 


Sunday, 2 = Monday, 3 = Tuesday, 4 = Wednesday, 
5 


*xx> This takes the lower two digits of the calendar year. 


Thursday, 6 = Friday, and 7 = Saturday 


The information of the calendar and the time are stored on 
the on-chip RAM and updated every second. The on-chip RAM 
includes not only the display RAM but also 50-byte user RAM 


which stores data necessary for the system. 

The HD63701VO gets the calendar and time information by 
reading the on-chip RAM of the HD146818. The HD146818 
generates three interrupts, update interrupt, alarm inter- 
rupt, and periodic interrupt, to the HD63701V0. The HD63701V0 
can service proper routine for the application system by 


accepting the HD146818 three interrupts. 
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Such a combination of the HD63701V0O and the HD146818 easily 
implements a compact real time system with reduced power 
dissipation. 


Note: Refer to "HD146818 Data Sheet" for details. 


4.7 Reference Data of Battery Service Life 


Fig. 4-7-1 shows the battery service life taken from a 
silver oxide battery: SR44W (by Hitachi Maxell). 


hy 
3 
Oo 
G 
0) 
uw 
| 
H] 
ed) 
oO 
oT a | 
> 
MY 
) 
op) 


Current (A) 





Fig. 4-7-1 Battery Service Life (Maxell SR44W) 
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5. PRECAUTIONS 


5.1 Write-Only Register 


When a write-only register such as the DDR of the port is 
read by the MPU, "$FF" always appears on the data bus. 

Note that when an instruction which reads the memory 
contents and does some arithmetic operation on the contents 
of the write-only register, it always gets $FF as the 
arithmetic and logical results. AIM, OIM and EIM instruc- 


tions can not be used for the bit manipulation of the DDR 
of the I/O port. 


5.2 Address Strobe (AS) 


The AS signal is used as an address latch strobe and is 
always accompanied with the E-clock. This means the AS is 


available in both Normal Operation Mode and Sleep Mode 
whenever the E clock is generated. 





5.3 Mode 0 


This mode is used for the test purpose only. It is not 


recommended to use this mode for the other purposes. 


5.4 Trap Interrupt 


When executing an RTI instruction at the end of the inter- 
rupt routine, trap interrupt different from other inter- 
rupts returns to the address where the trap interrupt was 
generated. Care must be taken when using trap interrupts 
in the program. See Fig. 5-4-1 and 5-4-2 for details. 
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342 


Undefined [ 
op-code 


OPn+1 





Fig. 5-4-1 Undefined Op-code Trap 


After executing OPn instruction, the HD63701V0 fetches and 
decodes an undefined op-code to generate a trap interrupt. 
When RTI instruction is executed at the end of the trap 
interrupt service routine, the HD63701V0 will set $FFO3 

in PC, fetch the undefined code again, generate a trap 
interrupt and repeat ABC endless-loop. 


Trap Trap : | 
address{ \ interrupt 





Fig. 5-4-2 Address Trap 


After performing BSR instruction, the branch destination 
address is output on an address bus to fetch the first 
op-code of a subroutine. If $0001 is output as an 
address by some mistake, the HD63701VO internally decodes 


it executed at the end of this trap interrupt servicing 


-routine, the HD63701V0 will set $0001 in PC and restart 


from this address, which causes a trap interrupt again and 
repeat this endless-loop. 
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5.5 Precaution on the Board Design of Oscillation Circuit 


As shown in Fig. 5-5-1, the cross talk disturbs the normal 
oscillation if signal lines are put near the oscillation 
Circuit. When designing a board, pay attention not to do 
that. In addition, crystal and Cy, must be put as close to 
the HD63701V0 as possible. 


Power source 


Voc 


XTAL 
EXTAL 


HD63701V0 


i) 
= 
“d 
ed 
pe 
© 
& 
eo} 
‘ 
op) 
| 
| 
‘ 
' 


Do not use this kind of print board design. 





Fig. 5-5-1 Precaution to the Board Design of Oscillation Circuit 
5.6 Application Note for High Speed System Design Using the HD63701V0 


When interfacing the HD63701V0O to the high speed memory 

(ex. HM6264) in expanded multiplexed mode, noise may appear 
on the address bus. Therefore, the following countermeasure 
must be taken to prevent this noise from occurring. However, 
when using the HD63701V0 in single chip mode, no problem of 


this sort occur in the bus. 


5.6.1 Problem 


If load capacitance of the data bus exceeds th specification 
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and the GND impedance is high in HD63701V0O application system, 
noise may appear on the address bus during the write cycle and 


a write error may occur. The timing is shown in Fig. 5-6-1. 


ee 
AS / \ / 
R/W \ / 


(SC2) 


Ag Vv Ais Noise 

(Port 4) 
Do Vv D7 

(Port 3) 


Fig. 5-6-1 Noise Occurrence in Address Bus During Write Cycle 


5.6.2 Cause 


If the data bus changes from "High" to "Low" (from FFH to OOH), 
extremely large transient current flows through the GND and 
noise may appear on the GND because of the GND impedance. 


This noise level appears on all outputs including address bus. 


(See Fig. 5-6-2.) 


Fig. 3-6-3 shows the dependency of the noise level on each parameter. 
Vn Vp | 
fie as 
Yo Ca 
Yn - Vn 
“i 


Vn: Noise Voltage Zg: GND Impedance 
Ca: Data bus load capacitance 
N:, Number of data bus lines switching from H to L 





— Fig. 5-6-3 Dependency of the Noise 
Fig. 5-6-2 Noise Source Voltage on each Parameter 
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5.6.3 Countermeasure 


One of the following three countermeasures must be taken to 


prevent noise from occurring on the bus. 


(1) Noise Isolation 
The address must be latched at the falling edge of AS 
(E clock). An example circuit for this countermeasure 


is shown in Fig. 5-6-4. 


P30 Vv P37 


HD63701V0 


Puo VY Py mAg Vv Als 


ss Additional Latch 
(74LS373 for 
noise isolation) 





Fig. 5-6-4 Circuit for Countermeasure 


(2) Transient Current Reduction 


The transient current must be reduced by reducing a load 
Capacitance of the data bus. If data bus load capacitance 
becomes large, a bus buffer must be connected to the 


data bus. 


(3) GND Impedance Reduction 


Since the noise level in the LSI is max. Vor, (0.55V max.) 
or less, GND impedance must be reduced as much as 
possible to lower the noise level to where it will not 


cause any problems. 


© HITACHI 
345 





346 


5.6.4 Notes on Printed Circuit Board Design 


Generally, PC boards based on low speed COMS LSIs can be 
designed without Vec or GND impedance problem. However, 

when designing PC boards based on high speed CMOS LSIs such 
as the HD63701V0, Vac and GND lines must be carefully 
distributed because large transient current flows through the 


LSI on switching. 

When designing PC boards, the following countermeasures must 
be taken against this large current: 

(1) Widen the GND line width on the PC board. 


(2) Place the HD63701V0 as close to the power source as 
possible. 


(3) Connect the bypass capacitor between GND and Vcc. (An 
electrolytic capacitor (0.1uF) and a tantalum capacitor 
(about 1OUF) are connected in parallel in the bypass 


capacitor.) 


ie | 
source 


(Recommended) 
Power 
I/O HD63701V0 
Source 
GND 
Fig. 5-6-5 Layout of the HD63701V0 on the PC Board 













(Not recommended) 
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5.7 Differences between HD6301V Series and HD63701V0 


RAM Size: 128-byte $0000 
Address : $0080-$00FF 


Function 


Timer 


After providing supply voltage, output level 
is undefined (0 or 1) unless the contents of 
the Output Compare Register matches with those 
of the Free Running Counter. The Output 
Level Register is not initialized by reset. 


HDS301V1 Internal Bus 


Level 
Register 


Bitt 


’ 
a Output Input 
Output Compare Pulse i € 


Bit 1 Bit 0 
Port 2 Port 2 


Fig. 20 Programmable Timer Block Diagram 


RAM Size: $0000 (Register 


192-byte 


Address : 
$0040-$00FF 


$0040 


$OOFF 





The Output Level Register is initialized 
to 0 by reset. 


HD63701V0 = Internal Bus 


ate, 
Feee Running taput Ceptuse 
16 B-: Counter Reg te 


Output Compare Pulse 


Programmable Timer Block Diagram 








Sve 


HD 6301V1l HD6303R Receive data is transferred from Receive 
-HD63P01M1 HD6303R1 


Shift Register to RDR even if framing 
When framing error occurs, Receive data is Pee neay Mah venoe 

receive data is not transferred from 

transferred from the Receive Shift 















































SCI Receive Shift Register to. Register to RDR 

Receive Data Register (RDR).jeven if framing 
error occurs. 
Receive Shift 
. Register 
The DDR of port is reset synchronously The DDR of port is reset asynchronously 
with E clock. I/O state is undefined from with E clock. CPU enters into high 
Port Reset providing power supply till oscillation start impedance state (input state) by bringing 


RES Low. 
Reset release and MCU internal reset is 
performed synchronously with E clock. 


(max. 20ms) . 






Function 











1/O 
Port 
reset 
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I/O reset 

















STBY signal is latched asynchronously 
with E clock. CPU enters into standby 
state by bringing STBY Low. 


STBY signal is latched synchronously with E 
clock. 









Standby Mode 





STBY —p >—— >O-————— STBY 
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HD63P01M1 


Function 


AS 
Address 
Strobe 


HD6301V1 


HD6 30 3R HD6 30 3R1 


In Expanded Multi- 
plexed Mode (mode 

O, 2, 4 or 6), AS 
becomes high impedance 
state for a half E 
clock cycle during 
reset. 

Therefore, I/O Port 3 


During reset, AS 
functions normally. 


i functions as data bus 


during reset. 


During reset, AS functions normally. 





OSE 





HD6301V1 The SCI receive margin is shown below. 
HD6 30 3R HD6303R1 HD6 3PO1M1 


The SCI receive The SCI receive margin START 1 3 4 5 6 7 8 STOP 


margin is shown below.|is shown below. 

Bit distortion Bit distortion Ideal | 
tolerance ao ae tolerance Waveform 
(t-to) /to (t-to)/to _— 


SCI Receive Character Character 


Margin distortion distortion ae ae dn We. 


tolerance tolerance Real " 
ss opera aeuneeesem 


Bit distortion tolerance 437.5% 
(t-to) /to 


Function 


Character distortion 43.75% 
tolerance (T-T 9) /To Pe 
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HD6301V1 
HD6 303R HD6 30 3R1 HD6 3PO1M1 


| Voc=5Vt10% (£=0.1V2MHz) 
Vec=5V+10% (£=0 .1V2MHz) 


Supply Voltage 
Voc =5V410% (£=0.1V1 MHz) 


=3V6V (£=0.1V0 . 5MHz) 





= 60 ns (f=1MHz) 
= 40 ns ( =1.5MHz) 


Address/Data ae ema 7 = 30 ns ( =2MHz) ta 
tw 


: ind t 
ae sen TA a ie) ea independently of taH and tyy are proportion 
AH’ “HW perating q Y- to 1/f. 


= 20 ns min 


(f= operating frequency) 0 1 2 
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| stem uD6301V a63701v0 


tap) and tan2 are constant independently tpl? c and t are related to 
of operating frequency. In HD63B01V operating frequency (They are in 
(B version of HD6301V), tap) and tap? are | proportion to 1/£. £: operating frequency). 
160 ns max. at O.1MHz through 2MHz Therefore, if HD637BO1V operates at lower 
operation. operating frequency, tapi, tap2 and tapr, 
will become 160 ns or more. tapi, tap2 

and tap, are calculated as follows. 










































Address Delay 
Time 








(2) tapr is related to operating frequency. 
(tap, is in proportion to 1/f. 
f: operating frequency) 







tap (f MHz) + 250 ns (1 MHz) x = (MHz) 


Tin = LOWA max. Cin = S5OpF max. 
Since RES is multiplexed with Vpp, Cin 
and Ijin are larger than those of HD6301V. 









Ijin = 1-OHA max. Cyn = 12.5pF max. 












1 - TTL + 90pF 






Load 2 - LSTTL + 40pF 
Capacitance 


of E 






Ior,, = 0.8 mA Io, = 1.6mA Ion = —~200PA 


1 - TTL + 30pF 1 - TTL + 90pF 


Spec. 
[8.0 | 
| 60 














Load 
Capacitance 
of Port 1 














Spec. of 
Crystal 
Oscillator 











602 max. 


Clock frequency (MHz) 








[ao] 6.0. 
P20] 20 
















storage 
Temperature 





-55 - +150°C Paige abo: = 425°C 


oS 
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Item HD6301V HD63701V0 


Function 


GND Noise 


Miscellaneous 


HD6301V1 HD6303R 


If load capacitance in each data 
line and GND impedance are 
large, noise may appear on 
address bus during MCU write 
cycle and data won't be written 
into RAM correctly. The noise 
is caused by GND impedance 

which becomes large when large 
transient current flows into 
GND at High to Low transition of 
data line. 


HD6303R1 
HD63P01M1 


Noise is 
reduced by 
33%. 


Noise is reduced by 50%. 


Chip design and manufacturing process of the HD6301V differ from those of the HD63701V0. 
Therefore, actual spec. and margin are different between the HD6301V and the HD63701V0. 


Please carefully examine your system before applying HD6301V or HD63701V0 to your system. 





APPENDIX 


<PROM Programmer and Socket Adaptor> 


General purpose PROM programmer corresponding to the 27256 can 
perform programming to the HD63701V0. When programming, a 


socket adaptor which changes the number of pins, 40 pins to 28 pins, 


is necessary. 
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PROM Programmer and Socket Adaptor 
PROM Programmer Socket Adaptor 


H31VSAO1A 
HD6 3 701V0 





PROM Programmers for 27256 
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II Q&A 





Process to Use 
a Port as an 
Outputs 


Relation between 
Writing into the 
FRC and SCI 
Operation 
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Writing into the 
FRC during Seria 
Receive/Transmit 


When using an I/O port as an output, 
is the data stored to the Data 
Register or is the Data Direction 
Register (DDR) set at first? 


How are writing into the timer Free 
Running Counter(FRC) and the Serial 
Communication Interface(SCI) related? 


Is it prohibited to write data into 
the Free Running Counter (FRC) during 
serial receive/transmit? 


Answer 








Store the data to the Data Register at first and then set 
DDR (DDR=1); if not, unknown data is output from the 


port. 


The source of the clock input to the SCI Shift Registers 
is the timer FRC. 

Therefore, if new data is written into the FRC, SCI 
operations are disturbed. 

See the following diagram. 


$09, $0A 
ae eae 


R/W Receive Shift 
Register 


Transmit Shift 
Register 


Yes. If data is written into the FRC during serial 
receive/transmit, the FRC stops counting up and the baud 
rate changes. 

In condition other than serial receive/transmit, it's 
possible to write. 


E J aa _SLipaud Rate 


= ——*|Generator 
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$09, $OA 


: Write 


Baud Rate 






Receive Shift 
Register 
Transmit Shif 
Register 











The counter stops 
and the baud rate 
changes. 









When the wake-up flag is set (WU=1) the RDRF flag 
cannot be set. (RDRF=0) 









What is the state of the Receive Data 
- Register Full (RDRF) flag when the 
HD63701V0 SCI can receive signals 
(RE=1) and the wake-up flag (WU bit) 
is set? 


RDRF State When 
SCI Receiving 








TRCSR 


7 6 5 4 #3 2 +221 0 
$0011 | RDRF|ORFE|TDRE}RIE |RE [TIE | TE | WU _| 


rs 1 1 
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Serial I/O 
Operation 


Serial I/O 
Register Read 


The serial I/O does not operate 
satisfactorily. Initialization does 
not seem to be wrong, but the data is 
not transmitted. What is wrong? 


Initialize by User Program 

(1) Set the Rate/Mode Control Register 
(RMCR) to the desired operation. 

(2) Set the Transmit/Receive Control 
Status Register (TRCSR) to the 
desired operation. 


When transmitting the data, is reading 
the Transmit/Receive Control Register 
(TRCSR) required? 

When the transfer interval is long enough 
compared with the Baud rate, Transmit 
Data Register Empty (TDRE) will be set. 
In that case, are there any problems 

when transmitting data without checking 
the TDRE flag in the TRCSR? 


Set the Baud rate 


Just after the initialization of serial I/O, the data 
transmit is not operative during 10 cycles of Baud Rate 
after setting the TE. The reason is as follows. 
Setting the transmit enable bit (TE bit) causes ten 
consecutive "1" of preamble and makes the transmitter 
section operative. In other words, the transmitter 
section gets ready after one frame (10 bits) transmitt- 
ing time according to the Baud rate. 

(ex.) When the Baud rate is set to 9600 Baud (104.2us 

at l bit), 


Set TE Transmit OK 


—™)104.2ys x 10=1.042msje— 
YA: Transmit Inoperative Period 


Preamble Causing Period 
1.042ms after setting the TE, the transmitter section 
is operative. 


The TDRE flag shows if the TDRE register is empty or 
not. When writing a data to the TDR with TDRE=l, it's 
not necessary to check the TDRE. But reading the TDRE 
flag tells us the contents of TDR. For example, when 
new data is written to the TDR with TDRE "0"(TDR 
already has a data), the old data will be erased. 

When the transfer interval is long enough compared with 
the Baud rate, there's no problem. However, check 
TRCSR if possible. 
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Detection of the 
HD63701V0O Serial | (1) What is the relation between the 


The serial sampling clock frequency is eight times the 


Start Bit HD63701V0 serial sampling clock baud rate. 


frequency and the baud rate ? 


(2) "Sampling error" means receive margin at the serial 
(2) What does "Sampling error" mean ? operation time. 


Receive margin: 
The HD63701V0 detects the start bit and samples the 
data bit using the falling edge of the sampling clock. 
The general equation is shown as follows. 


General equation 
M = [(0.5-1/N) - (D-0.5)/N - (L-0.5)F ] x 100 (%) 


M: 
N: 
D: 


L: 
F: 


Receive margin 

Ratio of baud rate to sampling clock (0 to 0.5) 
Duty of the longer sampling clock of "H", and 
AB Pa 

Frame length (7 to 12 bits) 


Absolute value of deviation of sampling clock 
frequency 


Abbreviated equation 


= (0. 


5-1/N) x 100 (%) 


Conditions: D = 0.5, F =0 


| N| 8 | 316 | 32 | 64 Note 
37.5| 43. ; 





M 43.75 | 46.875 | 48.4375 | In the HD63701Y0, N=8. 
(%) (Fig. 1) 


143.75% 
t 


' 
Start bit 


Start bit sampling 
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Free Running 
Counter Read 
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Preset Method of 
the Free Running 
Counter 


When the FRC of the HD63701V0 is 

read with the double byte load instruc- 
tions (2 cycle execution for FRC read- 
ing), is it read correctly? 

Double byte load instructions require 
two cycles to be executed and the cycle 
to read the low byte of FRC becomes the 
next cycle of the high byte. 

Is it OK ? . 


(EX) i ! 
E 
FRC 
($09, $0A) 


AccD 


(When reading $F7FF from the counter) 


What is the difference between the 
HD6801V and HD63701V0 in writing data 
into the free running counter ? 


The FRC of the HD63701V0 contains a parallel 

temporary register. When the high byte of the FRC is 
read, the low byte is set in the temporary register. 
The Low byte data in the temporary register is set to 
the AccD at the next cycle. Therefore, it is possible 
to read the FRC correctly. 


I 
| nigh Read Low Read! 


E 
FRC 


| 
| 
Temporaly | 'FF 
Register | 
! 
| 
i 


$E7 FF 


Read Data $F $FF 


AccD F7 ; FF 


(When reading $F7FF from the counter) 


The FRC preset method of the HD6801V is different from 
the HD63701V0. 


HD6801V The FRC is always preset to "$FFF8". 


HD63701V0} 1. Writing to the high byte presets the FRC 
to $FFF8. 


2. The FRC is set to desirable data by a 
double byte store instruction. 
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Output of Address 
Strobes (AS) in 

- the Multiplexed 
Mode 


Is AS always output when using the 
HD63701VO in the expanded multiplexed 
mode (mode 2, 4, 6)? 







(1) The HD6801V Preset Method 


} | 
I$O9Write | $O0AWrite! 


LDD #$5AF3 
» ($5A) |, ($F3) ! STD $09 
Be ee eee eee ee 
! _— 
FRC ! | $FFF8 | $FFF9! $FFFA—> 

















The FRC is always preset to $FFF8. 


(2) The HD63701V0 Preset Method 
1. $FFF8 


$09Write LDD #$5AF3 
($5A) *staa $09 
E | 


\ | 
FRC $FFFS SFFFO | SEFEA|—> 
Writing to the high byte presets the FRC to $FFF8. 
2. Optional valve (In this case $5AF3) 


sooWrite . sOAWritg) 


| ($5A) | ($F3) | 
1 | | 


| | ! | ] 
FRC | | $FFFB | $5aF3|  $Sara4|—+ 


LDD #$5AF3 
STD $09 


The FRC is set to desirable data ($5AF3) by a double 
byte store instruction. 





Yes. AS is always output in the expanded multiplexed 
mode, even when the MPU accesses the internal RAM, ROM, 
etc. 


IRQ, Acceptance (1) Is IRQ1 ignored when the Condition 


Code Register I mask is set? 


If the Condition Code Register I mask is set, IRQ) 
is completely ignored. 


(2) After the I mask is reset, will 
the interrupt sequence start by 
the interrupt request flag having 
been latched? (1) (2) 

Reset starts Reset starts 


With the I mask set, the interrupt request flag will 
not be latched. 


CLI 


ITRQ1 


IRQ] is ignored. 


IRQ1 is ignored. 
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Timer Interrupt 
and External 
Interrupt 


In the routine below, when is the 
next timer interrupt accepted? 


Main Timer (OCI) 
Routine Routine Interrupt 
(Execution time (IRQ) Routine 
=1.5ms) (Execution 


External 


The next timer interrupt is accepted in the main routine 
just after RTI instruction execution. 


Main Timer (OCI) 
Routine Routine 


External Interrupt 
(IRQ) Routine 


L9€ 


time=3ms) 

Next 
Timer 
Inter- 
rupt 
Request 


Read the TCSR 
Store 2.6ms at timer 


period to the OCR Execution time 


is longer than 
Next timer inter- 
Timer rupt period. : 
Inter- aed Next Timer 


rupt (OCI) Routine 
Request ae 
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IRQ, Interrupt 
and Other 
Interrupts 


IRQ, pin (pin 5) is held at low for 
10us but an interrupt does not occur. 
What should be done to generate an 
interrupt sequence? 


(1) IRQ; is a level sensitive interrupt pin which needs 
a minimum of 2 machine cycles (2us at 1MHz) to accept an 
interrupt. However, if another interrupt has been 
already generated, no interrupt request is accepted with 
IRQ, at low for 10us. 

In such a case, IRQ] Should be held at low until the 
request is accepted. 


E 
IRQ) 


he-2 machine cycles 
i 


(2) In this case, as a timer interrupt is executed the 
interrupt mask is automatically set. So IRQ, is ignored. 


See the followings for the illustration of IRQ, and other 
interrupts and a countermeasure. 
TRO) and Other Interrupts 


Main ‘Timer TRO} 
Routine Routine Routine 


dwn ew ome wen 3 


ignored. 


Clear the I mask at the beginning of the timer 
interrupt routine. 
i Timer TRO 
Routine 


CLI* 


IRQ, is acceptable. 
*CLI : Clears the interrupt mask (I=0). 
With this method, note the following ; 
(1) IRQ; may be ignored when the request occurs during 
timer interrupt vectoring. 
(2) Interrupts form NMI or SWI are excluded. 
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In the HD63701V0, a timer interrupt 










CLI Instruction 
and Interrupt 
Operation 


To accept an interrupt, two machine cycles are necessary 

is not accepted in the following between CLI and SEI. That is, in this program, two NOP 

program. Is there any problem? instructions are necessary. The same thing can be said 
SS when using TAP for CLI and SEI. 

Main Routine 

LO1l CLI 
NOP 

SEI 

































Using CLI Using TAP 


TAP (Clears the I mask) 










NOP 
NOP 






TAP (Sets the I mask) 







It changes synchronously with the falling edge (|) of the 
EXTAL clock. 

















Relation between 
the External 
Clock (EXTAL 
Clock) and 
Enable Clock 

(E Clock) 


With which edges of the EXTAL clock 
does the E clock change synchronously, 
rising edge (/) or falling edge ({)? 








Constants of the Does the capacitor of the recommended Capacitor Cr does not have upper limit because of the 


Reset Circuit reset circuit in the HD63701V0 have an Schmitt trigger circuit provided with the RES. 


upper limit? Available if Rr-Cr>>20ms 
To the system power supply 


peripherals HD63701V0 


R1€ Ry ,Ry*Cr> 20g, 
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Port Output What data does a port output when the After resetting, since the Data Register of a port is 
After Resetting 





Schmitt Trigger 
Circuit of STBY 


Return from 
Standby Mode 


Going into the 


iStandby Mode 


Data Direction Register (DDR) =1 
after resetting? 


Is the Schmitt trigger circuit 
provided with the HD63701V0 STBY? 


What occurs when returning from the 
standby mode without using RES? 


Does the CPU go into the standby mode 
after current instruction execution 
is completed? 


undefined, undefined data is output when the DDR=1. 
Input definite data by programming in the Data Register 
before setting the DDR=1. 


The CPU does not operate normally because the contents 
of each register are not definite. 

Therefore, always use the RES when returning from the 
standby mode. 


No. Because there is no connection between the instruc- 
tion execution sequence and the standby mode. That is, 
when the STBY pin goes into "Low", the state is latched 
at the next rising edge of E clock. Then the internal 
registers are reset at the next falling edge. 


Internal registers 
are reset. 


Timing for the 
Standby Mode 


The timing for the standby mode is 
shown in the HD63701V0 user's manual. 
How long is T,? 
@ NMI] LLU 
pean l 
Sate 
@ FE Ty 


@) STBY 


After the RAM Control Register is set in the NMI routine, 
either STBY or RES can be in the low state with no 


T, is not defined. priority. 


| 
— 
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Usage of Bit 
Manipulator 
Instructions 


RAM Control 
Register Set 


T2 : Oscillation Stabilization Time 


How the bit manipulation instructions 
of the HD63701V0 should be written? 


They are written as follows; 


OIM (Direct Addressing) 
OIM (Index Addressing) 


Immediate Data Address Index Register 

This is an example of OR operation of the immediate data 

and the memory and storing the result in the memory. 

The HD63701V0 has the following bit manipulation 

instructions. 
OIM .... 
AIM .... 


(IMM) - (M) —>(M) 
(IMM) + (M) —>(M) 
EIM .... (IMM) @ (M) —®(m) 
TIM «... (IMM) ° (M) 
These instructions are written in the same way. 


The following bit manipulations have different mnumonics 
in the same OP code. 
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Bit Manipulation Instruction 


0 Mi 
71/61} AIM {| BCLR | The memory bit i(i=0 to 7) is 
cleared and the other bits 
don't change. 
Ll >Mi 
The memory bit i(i=0 to 7) is 
tee. | 20. ceS | abr e ey set and the other bits don't 
change. 
Mi Mi 
The memory bit i(i=0 to 7) is 
75 5 EIM BT GL 
P inverted and the other bits 
don't change. 





l° Mi 

AND operation test of the 

memory bit i(i=0 to 7) and 
78 een ase "1" is executed and its 

corresponding condition code 

is changed. 


Direct Index 
Addressing Addressing 


The mnumonics mentioned above can be written as follows. 


3,$10 ~<®AIM #$F7, $10 (Direct Addressing) 
3,$10,X<%AIM #$F7, $10,X (Index Addressing) 


3,$10 <*oIM #$08, $10 (Direct Addressing) 
3,$10,X<™OIM #$08, $10,X (Index Addressing) 


Bit Address Index Register 


Usage of Bit Are the bit manipulation instructions 
Manipulation (AIM, OIM, EIM, TIM) executable when 
Instructions to a port is in the output state 

the Port (DDR=1) ? 


RAM Access When executing a program with the RAME 
Disable during bit of the RAM Control Register 
Program disabled, 
Execution 
(1) What occurs if the internal RAM 
address is accessed? 
(2) What occurs if the interrupt 
requests are generated? 
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LOE 


It can be used if the port is in the output state 
(DDR=1). However, the bit manipulation instruction 
is executed as follows ; 


Reads specified address. 
Executes logical operation. 
@) Writes the result into the specified address. 


Since the specified address(@) reads the pin state of 
the port, the data is influenced by the pins even if 
any data is output from the port. 


The external RAM can be accessed; the internal RAM 


is neither readable nor writable when the RAME bit 
is disabled. 


If there is no stacking area other than the internal 
RAM, the MPU will burst when returning from the 
interrupt sequence. 
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Section 1. Overview 


The HD6301 X0, HD6303X, and the HD63701X0 are high-performance CMOS, 8-bit, single-chip 
microcomputer units (MCU s) which are object-code compatible with the HD6301V. 


In addition to the CPU, these MPUs contain 192 bytes of RAM, a 16-bit 4-function timer, an 8-bit 
reloadable timer, a serial communications interface (SCI), and 53 parallel lines. The HD6301X0 has 
4k bytes of masked ROM. The HD63701X0 has 4k bytes of EPROM sometimes referred to as 
programmable ROM or PROM in this handbook. The HD6303X has no ROM. The MPUs’ halt and 
memory ready functions enable them to release external buses and perform low-speed external 


memory access. 


The HD63701X0’s programmable ROM is programmed by the same method as the standard 
2732A EPROM. It is available in ceramic packages. The ceramic package with window is erasable 


for use in the debugging development stage. 


1.1 Features 
The HD6301X0, HD6303X, and HD63701X0 provide the following features. 


¢ — Instruction set compatible with the HD6301V1 
e On-board ROM 
— 4k bytes programmable (HD63701 X0) 
— 4k bytes masked (HD6301X0) 
* 192 bytes RAM 
¢ 53 parallel I/O lines 
— 24 common I/O lines (ports 2, 3, and 6) 
— 21 output only lines (ports 1, 4, and 7) 
— 8 input only lines (port 5) 
¢ — Darlington transistor direct drive lines (ports 2 and 6) 
¢ 16-bit programmable timer 
— 1 input capture register 
— 1 free-running counter 
— 2 output compare registers 
¢  8-bit reloadable counter 
— External event counter 
— Square-wave generator 
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¢ Serial communications interface (SCI) 
— Asynchronous mode/clocked synchronous mode 
— 3 transmit formats (asynchronous mode) 
— 6 clock sources 
¢ Memory-ready function for low-speed memory access 
¢ Halt function 
« — Error detection function (address trap, opcode trap) © 
e — Interrupts | 
— 3 external 
— 7 internal 
¢ MCU operation modes 
— Mode 1: expanded mode (internal ROM inhibited) 
— Mode 2: expanded mode (internal ROM valid) 
— Mode 3: single chip mode 
¢ PROM mode (HD63701X0) 
¢ Address space up to 65k bytes 
e Low power modes 
ae Sleep mode 
— Standby mode 
e Minimum instruction time 0.5 ps (f = 2.0 MHz) 
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1.2 Block Diagrams 


Figures 1-1, 1-2, and 1-3 are block diagrams for HD6301X0, HD6303X, and HD63701X0 respectively. 
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1.3 Pin Description 


Figure 1-4 shows the pin arrangements for the various packages. 

Table 1-1 lists pin functions for the HD6301X0, HD6303X, and the HD63701X0 in modes 1, 2, and 3. 

Table 1-2 lists pin functions for the HD63701 XO in PROM mode. For further pin description, see 2.3 
Functional Pin Description, and 2.4 Ports. 








@ HD6301X0P, HD63A01X0P, HD63B01X0P (DP-64S) @ HD6301X0F, HD63A01X0F, HD63B01X0F (FP-80) 
@ HD6303XP, HD63A03XP, HD63B03XP (DP-64S) @ HD6303XF, HD63A03XF, HD63B03XF (FP-80) 
© HD63701X0C, HD637A01X0C, HD637B01X0C (DC-64S) 
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Table 1-1. Pin Functions 


Number 

DP-64S FP-80 CP-68 
1 73 2 
2,3 74,75 3,4 
4,5 77,78 5,6 
6 79 7 

7 80 8 

8 1 9 

9 5 10 
10 6 11 
11 7 12 
12 8 13 
13 9 14 
14 10 15 
15 11 16 
16 12 17 


17,18 14,15 19,20 


19 16 21 
20 17 22 
21-24 18-21 23-26 
25-32 25-32 27-34 
33 33 #36 


34-41 34-40, 37-44 
43 


42 44 #45 


*Mode 1 or Mode 2/Mode 3 


Name Function 
Vss Ground 


XTAL, EXTAL Crystal connections. Connect external clock to EXTAL 


MPo, MP4 Operation mode 
RES Reset input 
STBY Standby input 
NMI Nonmaskable interrupt 
Tin/P2g * Timer 1 capture input Port 2 
Tout1/P2, * Timer 1 OCR1 output | 
SCLK/P25* SCI clock input or output 
Rx/P23 * SCI receive input 
Tx/P24* SCI transmit input 
Tout2/P25* Timer 1 OCR2 output 
Tout3/P2¢ * Timer 2 output 
TCLK/P27 * Timer 2 external clock input 
IRQ4/P5o, Level-detect interrupt inputs Port 5 
IRQ9/P54 
MR/P55* Memory ready input 
HALT/P53 * Halt request input 
P54-P57 
P69-P67 Port 6 
VCC Power supply 
A 5/P47-* Address bus, bits15-8 Port.4 
Ag/P4q * 
V5" Ground 
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Table 1-1. Pin Functions (continued) 


Number 
DP-64S FP-80 CP-68 Name 
43-50 45-52 46-53 A7/P17- * 


Ao/P19 ‘ 

51-58 55-59,55-62 D7/P37- * 

62,64, Do/P30 * 

65 
59 66 63 BA/P74 * 
60 67 64 LIR/P73 * 
61 69 65 R/W/P79 © 
62 70 66 WR/P74 7 
63 71 «67 RD/P70 * 
64 72 ~=6«68 E 


*Mode 1 or Mode 2/Mode 3 


Function 
Address bus, bits 7-0 Port 1 
Data bus Port 3 
\ 
Bus available output Port 7 
Opcode fetch cycle output 


Read/write output 
Write cycle output 
Read cycle output 


External clock output 


Table 1-2. Pin Functions for HD63701X0 PROM Mode 


Number 


pp-64g Name | Function 


7 STBY 
38-41 EA 7-EAg 
42 Vpp/OE 
43-50 EA7-EAg 


51-58  EQO7-EOo 


PROM mode input 


Data input bus 


Address input bus, bits 11-8 
Programming power supply 


Address input bus, bits 7-0 


Note: Ground all other HD63701X0 pins in PROM mode. 


Table 1-3. Relationship of HD6301X0, HD6303X, and HD63701X0 Operating Modes 


Mode 


Device Type 1 2 
HD6301X0 X 
HD6303X X 
HD63701 X0 X X 
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Section 2. Internal Architecture and Operation 
2.1 Operation Modes 


The HD6301X0 and HD63701X0 operate in three MCU modes. The HD63701X0 also operates in 
PROM mode. The HD6303X only operates in MCU mode 1. The mode program pins MPg and MP4, 


and the STBY pin select the mode (table 2-1). 


¢ MCU 1 (expanded): external memory access enabled, internal ROM disabled 
¢ MCU 2 (expanded): external memory access enabled, internal ROM enabled 
¢ MCU 3 (single-chip): external memory access disabled 

e PROM prgramming: MCU disabled, PROM programming enabled 


Table 2-1. Mode Selection 


MP; MPg STBY ROM RAM Interrupt Vector Operation Mode 
Low High X External Internal External MCU 1 (expanded) 
High Low X Internal Internal Internal MCU 2 (expanded) 
High High X Internal Internal Internal MCU 3 (single-chip) 
Low Low Low Internal X X PROM programming 


Note: X = Don't care 
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2.1.1 MCU Mode 1 (Expanded) 


In MCU mode 1, port 3 is the data bus, port 1 is the lower address bus, and port 4 is the upper address 
bus. They can directly interface with HD6800 buses. Port 7 supplies signals such as R/W. See table 
2-2. In mode 1, the ROM is disabled and the external address space is 65k bytes (figure 2-1). Since the 
HD6303X has no internal ROM, it only operates in mode 1. 


8 1/0 Lines 
Timer 1, 2 
S 


8 Input Lines 
IRQ, tRQ2 
MR,HALT 

Port 6 
8 1/0 Lines 


2.1.2 MCU Mode 2 (Expanded) 


Figure 2-1. MCU Mode 1 


8 Address Bus 


Port 4 
8 Address Bus 





MCU mode 2 is the same as mode 1, except that the ROM is enabled. The external address space is 


61k bytes (figure 2-2). 


8 I/O Lines 
Timer 1,2 SC 
Port 5 


8 Input Lines 
IRQ,, IRQ, MR, HALT 


Port 6 
8 1/O Lines 


/ 
| 
BA 


Port 3 
8 Data Bus 


Port 1 
8 Address Bus 


Port 4 
8 Address Bus 





Figure 2-2. MCU Mode 2 
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2.1.3 MCU Mode 3 (Single-Chip) 


In MCU mode 3, all ports are 1/O ports. There is no interface to external buses (figure 2-3). 


Port 7 
5 Output Lines 


STB Port 3 


8 I/O Lines 


_ 81/0 Lines 
Timer 1,2 SCIi Port 1 
Port 5 8 Output Lines 
8 Input Lines 
IRQ,, IRQ, 


Port 6 => Port 4 
8 I/O Lines 8 Output Lines 





Figure 2-3. MCU Mode 3 
2.1.4 PROM Mode 


In PROM mode, the HD63701X0's EPROM can be programmed (figure 2-4, table 2-2). Refer to Section 
7, Programmable ROM, for details. 


Port 1 
8 Address Bus 


Port 4 
4 Address Bus 


Vpp/OE Veg 





Figure 2-4. PROM Programming Mode 
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Table 2-2. Port Signals 


Port MCU Mode 1 MCU Mode 2 MCU Mode 3 PROM Mode 

1 Address bus (Ag-A7) Address bus (Ap-A7) Output port Address bus (EAg-EA7) 
2 I/O port /O port /O port Connect to ground 

3 Data bus (D7-Dpo). Data bus (D7-Dg) /O port Data bus (EO7-EOo) 

4 Address bus (Ag-Aj5) Address bus ( Ag-Ay5) Output port Address bus 


(EAg-EA 44, pins 
P49-P4g only) 


5 Input port Input port Input port CE (P57 only) 

6 I/O port /O port I/O port Connect to ground 

7 RD, WR, RW, LIR, BA RD, WR, R/W,LIR, BA Output port Connect to ground 
2.2 Memory Map 


The HD6301X0, HD6303X, and HD63701X0 can access up to 65k bytes of external memory, 
depending on the operating mode. Figure 2-5 shows a memory map for each mode. The first 32 


locations of each map, from $00 to $1F, are reserved for the MCU's internal register area (table 2-3). 


MCU Mode PROM Mode 


Expanded Mode Expanded Mode Single-chip Mode HD63701X0 


Internal* Internal" $0000 WY, Internal 
Ld Register Register Register 
LL External External $001F 

Memory Memory 


Space Space $0040 

Internal Internal Internal 

RAM RAM RAM 
SOOFF d 


External 
Memory 


External Space 


Memory 
Space % D ‘ $000 


Internal Internal 
ROM R PROM 


* Excludes the following addresses * Excludes the following addresses 
which may be used externally: which may be used externally: 
$02, $04, $06, $07, $18. $02, $04, $06, $07, $18. 





Figure 2-5. Memory Maps 
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Table 2-3. Internal Register Area 


Address 


00 
01 

02 
03 
04 
05 

06 
07 
08 
09 
OA 
0B 
oc 
OD 
OE 
OF 
10 
11 

12 
13 
14 
15 


16 


Register 


Port 2 data direction register 
Port 1 
Port 2 


Port 3 data direction register 


Port 3 

Port 4 

Timing control/status register 1 
Free-running counter (upper byte) 
Free-running counter (lower byte) 
Output compare register 1 (upper byte) 
Output compare register 1 (lower byte) 
Input capture register (upper byte) 
Input capture register (lower byte) 
Timer control/status register 2 

Rate, mode control register 

Tx/Rx control status register 

Receive data register 

Transmit data register 

RAM/port 5 control register 


Port 5 
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R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


State at RESET 


$FC 
Undefined 
Undefined 


$FE 


Undefined 
Undefined 
$00 
$00 
$00 
$FF 
$FF 
$00 
$00 
$10 
$00 
$20 
$00 
$00 


$7C or $FC 


Port 6 data direction register 


$00 
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Table 2-3. Internal Register Area (continued) 


Address 


17 


18 


Register 

Port 6 

Port 7 

Output capture register 2 (upper byte) 
Output capture register 2 (lower byte) 
Timer control/status register 3 

Timer constant register 

Timer 2 upcounter 

Reserved 


Reserved 


2.3 Functional Pin Description 


2.3.1 Power (Vcc, Vss) 


R/W 
R/W 
R/W 
R/W 
R/W 


R/W 


R/W 


State at RESET 


Undefined 
Undefined 
$FF 
$FF 
$20 
$FF 


$00 


Vcc and Vss are the power supply pins. Apply +5 V+ 10% to Vcc. Tie Vss to ground. 


2.3.2 Clock (XTAL, EXTAL) 


XTAL and EXTAL connect to an AT-cut parallel resonant crystal. The chip has a divide-by-four circuit. 


For example, if a 4 MHz crystal is used, the system clock will be 1 MHz. 


Figure 2-6 is an example of the crystal oscillator connection. The crystal and C,; and C,». should be 
located as close as possible to the XTAL and EXTAL pins. No line must cross the lines between the 
crystal oscillator and the XTAL and EXTAL pins. 


The EXTAL pin can be driven by an external clock with a 45% to 55% duty cycle. - The LSI divides the 
external clock frequency by four. The external clock should therefore be less than four times the 


maximum clock frequency. When using an external clock, the XTAL pin should be left open. 
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AT Cut Parallel Resonant Crystal Oscillator 
Co=7 pF max 
Rg=60 2 max 


XTAL 


Ci1=Cio 
=10 pF—22 pF+ 20% 
(3.2—8 MHz) 


og 


(a) Crystal Interface 


XTAL N.C. 
EXTAL External Clock 


(b) External Clock 





Figure 2-6. Recommended Crystal Oscillator Connection 
2.3.3 Standby (STBY) 


The STBY pin puts the MCU in standby mode. When STBY is low, the oscillation stops, and the internal 
clock is stabilized to put the MCU in a reset condition. To retain the contents of RAM during standby, 
write 0 to the RAM enable bit (RAME). RAME is bit 6 of the RAM/port 5 control register at address 
$0014. RAM is disabled, and its contents are sustained. Refer to 3.5 Low Power Dissipation Mode for 
details on the standby mode. 


When STBY, MPp, and MP, are low, the MCU is in PROM mode. Refer to Section 7, Programmable 
ROM for details. 


2.3.4 Reset (RES) 


This pin resets the MCU's internal state and provides a startup procedure. The RES input must be held 
low for at least 20 ms during power-on. 


The CPU registers accumulator, index register, stack pointer, condition code register except for mask 
bit, RAM, and the data registers of the ports are not initialized during reset, so their contents are 
undefined. 


2.3.5 External Clock (E) 


E provides a TTL-compatible system clock to external circuits. Its frequency is one-fourth that of the 
crystal oscillator or external clock. E can drive one TTL load and 90 pF. 


© HITACHI 
389 


390 


2.3.6 Nonmaskable Interrupt (NMI) 

When CPU detects a falling edge at the NMI input, it begins the internal nonmaskable interrupt 
sequence. The instruction being executed when the NMI is detected will proceed to completion. The 
interrupt mask bit of the condition code register does not affect the nonmaskable interrupt. 

In response to an NMI interrupt, the contents of the program counter, index register, accumulators, and 
condition code register will be saved onto the stack. After they are saved, a vector is fetched from 


$FFFC and $FFFD to the program counter, and the nonmaskable interrupt service routine starts. 


Note: After reset, the stack pointer should be initialized to an appropriate memory location before any 
NMI input. 


2.3.7 Interrupt Requests (IRQ1, IRQo) 


The interrupt requests are level-sensitive inputs which request an internal interrupt sequence from the 
CPU. 


2.3.8 Mode Program (MP9, MP+) 


These pins determine the operation mode. Refer to 2.1 Operation Mode for details. 


————=— names — ee 


2.3.9 Read/Write (R/W; P75) 


The read/write signal shows whether the MCU is in read (R/W high) or write (R/W low) state to the 
peripheral or memory devices. It is usually high, in read state. R/W can drive one TTL load and 30 pF. 


2.3.10 Read and Write (RD; P79, WR; P74) 


The read and write outputs show active low outputs to peripherals or memories when the CPU is reading 
or writing. This enables the CPU to access LSI peripherals with RD and WR inputs easily. These pins 
can drive one TTL load and 30 pF. 


2.3.11 Load Instruction Register (LIR; P73) 


The LIR output low shows that the instruction opcode is on the data bus. LIR can drive one TTL load 
and 30 pF. a 
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2.3.12 Memory Ready (MR; P59) 


The memory ready control input lengthens the system clock's high period to allow access to low-speed 
memory. When MR is high , the system clock operates normally . But when MR is low, the high period 
will be lengthened depending on its low time in integral multiples of its cycle time. It can be lengthened 


up to 9 us. 


During internal address or invalid memory access, MR is prohibited internally from decreasing operation 
speed. Even in the halt state, MR can lengthen the high period of the system clock to allow peripheral 


devices to access low-speed memories. MR is also used as P50. The function is chosen by the enable 


bit in the RAM/port 5 control register (bit 2) at $0014. See 2.5 RAM/Port 5 Control Register for details. 


2.3.13 Halt (HALT; P53) 


The halt control input stops instruction execution and releases the buses. When HALT switches low, 
the CPU finishes the current instruction, then stops and enters the halt state. When entering the halt 
state, the CPU sets BA (P74) high, and sets the address bus, data bus, RD, WR, and R/W to high 


impedance. When an interrupt occurs in the halt state, the CPU cancels the halt, and executes the 


interrupt service routine. 
Note: When the CPU is in the interrupt wait state, executing the WAI instruction, HALT should be held 


high. If halt turns low, the CPU may fetch the incorrect vector after releasing the halt state (figure 2-7). If 


a halt is expected, a loop should be used instead of WAI (figure 2-8). 


Waiting 
interrupt 


(Accept interrupt) 


Incorrect Vector (MSB) 
C Fetch Vectors 
Incorrect Vector (LSB) 


Opcode Fetch 
° 


t 


* Execute interrupt routine 


°o 


* Branch destination undefined (CPU burst) 





Figure 2-7. HALT After WAI 
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Error Occurs 


Recommended Example 





Figure 2-8. Branch Replacement for WAI 


2.3.14 Bus Available (BA; P74) 


The bus available output control signal goes high when the CPU accepts HALT and releases the buses. 
It is normally low. The HD6800and HD6802 bring BA high and release the buses at WAI execution, but 
the HD6301X0 and HD63701X0 don't. But if HALT goes low when the CPU is in the interrupt wait state 
after having executed a WAI, the CPU sets BA high and releases the buses. When HALT goes high, 
the CPU returns to the interrupt wait state. 


The following signals, CE and Vpp/OE, are only used in the HD63701X0 PROM programming 


mode. 
2.3.15 Chip Enable (CE; P57) 


The chip enable input enables PROM programming and verifying. When this signal is low, the PROM is 
enabled. The PROM cannot be programmed or verified with CE high. 


2.3.16 Program Voltage/Output Enable (Vpp/OE) 


The program voltage/output enable pin is the input for the program voltage for programming the PROM, 
and the control for data verification output. 


To program data from port 3 (EOg-EO7) into the PROM, apply 21 V + 0.5 V to Vpp while holding CE 

| low. Set the PROM address on port 1 and 4 (EAg-EA 1). To verify, bring the OE pin low. The data 
addressed by EAp-EAy 1 will be output at EOg-EO7. When OE is high, port 3-will be high impedance. 
In the MCU modes, connect this pin to Vgc. | 
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2.4 Ports 


The HD63701X0 provides seven ports (six 8-bit ports and a 5-bit port). Some pins have other uses, as 
shown in table 2-2. Table 2-5 shows the addresses of the ports and their data direction registers. Figure 
2-9 shows block diagrams of each port. Table 2-6 shows the state of each port at reset. 


Table 2-5. Port and Data Direction Register Address 





Port Port Address Data Direction Register 
1 $0002 
2 $0003 $0001 
3 $0006 $0004 
4 $0007 
5 $0015 | 
6 $0017 $0016 
7 $0018 
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Port Write Signal 


Data Bus 





Port Read 
Signal 
pa 





Tri-state 
Control 





Mode 1, 2 


ms 


Address Bus, 
Control Signal 
PROM Mode 


PROM 
Address Bus 


(HD637 01 XO only) 
Port 1, Port 4 (Bit O to 3) 


Port Write Signal 


Data Bus 














Tri-state 
Control 


Port 3, 

Internal External Ad- 

Address Read dress Read 
ka ae one 


CPU Internal Bus 
PROM Mode 


PROM Data Bus 
(HD63701X0 only) 


Port 3 


Port Write Signal 
Port Output Enable 







Data Bus 






Timer, SCI 






Output Enable 
reali 
Timer 1, 2, Tri-state 
SC! Output Port Read Signal Control 


—L.. 


Timer 1, 2, 
SCI Input 


Port 2 















Port Write Signal 


Mode 3 








Data Bus 





Port Read 
Signal 
ne OR 


Tri-state 
Control 


Address Bus, . 
Control Signal 


Port 4 (Bit 4 to 7), Port 7 


Port Read Signal 
pa 


Data Bus 


Port 5 







Port Read Signal 
a 


Data Bus 


PROM Mode 


CE 
(HD63701 XO only) 


Port 5 (Bit 7) 


Port Write Signal 


Data Bus 


Timer 1 Input 
(P2,, only) 





Port 6, Port 2 (Bit 0) 


Figure 2-9. Port Block Diagrams 
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Table 2-6. Port at Reset (Modes 1 and 2) 


Port State at Reset 

1 (Ag-A7) High 

2 High impedance 

3 (Do-D7) High impedance 

4 (Ag-A45) High 

5 High impedance 

6 High impedance 

7 RD, WR, RW, LIR = High 
BA = Low 


Note: All ports are high impedance after reset in mode 3. 


2.4.1 Port 1 


In the MCU modes, port 1 is an 8-bit output port. In mode 3 (single-chip), port 1 is high impedance 
during reset, and stays high impedance after reset is released. When the CPU writes to the port 1 data 
register, the data written will appear at port 1. Once port 1 is in the output state, it operates as an output 
until reset. The CPU can read the port 1 data register for bit manipulation instructions. 


{In modes 1 and 2, port 1 is used for the lower byte of the address bus. Port 1 can drive 1 TTL load and 
30 pF. 


In ihe PROM mode, port 1 is the lower byte of the PROM address (EAg-EA7). 
2.4.2 Port 2 


Port 2 is an 8-bit input/output port. The port 2 data direction register (DDR) controls the I/O state (figure 
2-10). Bit 0 controls the I/O direction of P29, and bit 1 controls the direction of P24-P27. A 1 specifies 


input, 0 specifies output. 


7 6 5 4 3 2 1 O 
DDR} DDR 
(eo ee ae ee 


Figure 2-10. Port 2 Data Direction Register 





Port 2 is also used as I/O pins for the timers and SCI. In this case, port 2 pins except P29 automatically 


become inputs or outputs regardless of the data direction register's value. 
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A reset clears the port 2 DDR and configures port 2 as an input port. Port 2 can drive 1 TTL load and 30 
pF. In addition, it can produce 1 mA at VoyrT = 1.5 V to directly drive the base of Darlington transistors. 


When a write-only register like a DDR is read by the MCU, $FF always appears on the internal data bus. 
Whenever the MCU performs an arithmetic or logic operation between memory, and a write-only register, 
the result will be $FF. AIM, OIM, and EIM instructions cannot be applied to the DDR. 


2.4.3 Port 3 
Port 3 is an 8-bit I/O port. The port 3 DDR controls its direction. If bit 0 of the DDR is 1, port 3 is an input 


port. If it is 0, port 3 is an output (figure 2-11). The DDR is cleared during reset. In modes 1 and 2, port 3 
is the data bus (Dg-D7). In the HD63701X0 PROM mode, port 3 is the PROM data bus (EOg-EO7). In 


the PROM mode, port 3's direction is controlled by OE, not the DDR. Port 3 can drive 1 TTL load and 90 
pF. | 


7 6 5 4 3 2 1 0 
Port3 
j= [== Le Le 1] = [eee] sooo 


Figure 2-11: Port 3 Data Direction Register 





2.4.4 Port 4 


Port 4 is an 8-bit output-only port like port 1. In modes 1 and 2, it outputs the upper byte of the address 
(Ag-A45). In the HD63701X0 PROM mode, P49-P43 are used as the upper PROM address bits 


(EAg-EA4 4). 
2.4.5 Port 5 


Port 5 is an 8-bit input-only port. The lower four bits (P5g-P53) are also used for interrupt, MR and HALT 
input. In the HD63701X0 PROM mode, P57 is used as CE to control the PROM. 


2.4.6 Port 6 


Port 6 is an 8-bit /O port. Each bit in the port 6 data direction register controls the direction of the 
corresponding bit of port 6. A 1 specifies input, 0 specifies output. Port 6 san drive 1 TTL load and 30 
pF. In addition, it can produce 1 mA at VoytT = 1.5 V to directly drive the base of Darlington transistors. 


A reset clears the port 6 DDR. 
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2.4.7 Port 7 


Port 7 is a 5-bit output port. In mode 3, port 7 is high impedance during and after reset. When the CPU 
writes to the port 7 register, the data will appear at port 7. Once port 7 is in the output state, it will be an 
output until reset. The CPU can read the port 7 data register for bit manipulation instructions. Bits 5-7 
will be read as 1. 


In modes 1 and 2, port 7 is used for control signals (RD, WR, R/W, LIR, and BA). Port 7 can drive 1 TTL 
load and 30 pF. 


2.0 RAM/Port 5 Control Register 


The control register (figure 2-15) located at $0014 controls on-chip RAM and port 5. 


tf 


6 5 4 3 2 1 0 
STBY 


Figure 2-15. RAM/Port 5 Control Register 





2.5.1 IRQ Enable (IRQ4E, IRQ5E) 


When IRQ4E and IRQ¢9E are 1, P5g and P54 are interrupt pins IRQ4and IRQs. When these bits are 0, 


the CPU doesn't accept external interrupts. External interrupts won't cancel the sleep state. These bits 
are 0 after reset. Bits 0, 1. 


2.5.2 Memory Read Enable (MRE) 


When MRE is 1, P&o is used as the memory ready (MR) signal. When it is 0, the MR signal is inhibited. In 
mode 3, the MR signal is inhibited regardless of MRE. MRE becomes 1 after reset. Bit 2. 


2.5.3 Halt Enable (HLTE) 


When HLTE is 1, P53 is used as the HALT input. When 0, the halt function is inhibited. In mode 3, the 
HALT signal is inhibited regardless of the value of HLTE. HLTE becomes 1 after reset. 


Note: When using P59 and P53 for port bits in modes 1 and 2, clear MRE and HLTE after reset. If P55 or 


P53 is brought low before MRE or HLTE are cleared, a memory ready or halt will be accepted. Bit 3. 
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2.5.4 RAM Enable (RAME) 


RAME controls on-chip RAM. When RAME is 0, on-chip RAM is disabled, and the CPU can read from 
external memory at addresses $0040-$00FF in modes 1 and 2. RAME is 1 after reset and on-chip RAM 
is enabled. RAME should be set to 0 at the beginning of standby mode to protect on-chip RAM. Bit 6. 


2.5.5 Standby Power (STBY PWR) 


When Vcc is not provided in standby mode, STBY PWR is cleared. The STBY PWR flag can be read 


and written by software. If it is set to 1 before standby mode and remains set after returning from standby 


mode, Vcc has been provided during standby, and on-chip data is valid. Refer to 3.5 Low Power | 


Dissipation Mode. Bit 7. 
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Section 3. CPU Function 
3.1 CPU Registers 
The CPU has three 16-bit registers and three 8-bit registers (figure 3-1). 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


Index Register (X) 


Stack Pointer (SP) 





Program Counter (PC) 


7 0 


faq [njz} vie} 
ty ' i : i ‘ 


Condition Code Register (CCR) 






Carry/Borrow from MSB 
Over flow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Figure 3-1. CPU Registers 
3.1.1 Accumulators (ACCA, ACCB, ACCD) 
Two 8-bit accumulators, ACCA and ACCB, store the result of arithmetic/logic operations and data. When 
combined, these make up the 16-bit accumulator ACCD used for 16-bit operations. Note that the 
contents of ACCA and ACCB are destroyed by an ACCD operation. 
3.1.2 Index Register (IX) 
The 16-bit register IX stores 16-bit data for use in indexed addressing or for general purposes. 


3.1.3 Stack Pointer (SP) 


The contents of the16-bit register SP indicate the address of a stack. SP can also be used as a 


general-purpose register. 
3.1.4 Program Counter (PC) 


The contents of the 16-bit PC indicate the address of the instruction being executed. Note that 
software cannot access this register. 
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3.1.5 Condition Code Register (CCR) 


The CCR register consists of the carry (C), overflow (V), zero (Z), negative (N), interrupt mask (1), and 
half-carry (H) bits. After an instruction is executed, the CCR bits change state depending on the result of 


the operation. They can be tested by conditional branch instructions. The upper two bits of this register 
are not used. 


Half-Carry (H):H is set to 1 if a carry at bit 3 or bit 4 occurs during an ADD, ABA, or ADC instruction. It 
is cleared if no carry occurs. 


Interrupt Mask (I):When | is set to 1, it-disables all maskable interrupts (IRQ4, IRQ, and IRQ). 


Negative (N): N is set to 1 if the MSB of the result of an operation is 1. N is cleared if it is 0. 
Zero (Z): Z is set to 1 if the result of an operation is zero. Z is cleared if it is not zero. 


Overflow (V): V is set to 1 if the result of an operation shows a two's complement overflow. It is 
cleared if there is no overflow. 


Carry (C): C is set to 1 if a carry or borrow is generated from the MSB. If there is no carry or borrow, it is 
cleared. 


3.2 Addressing Modes 
The HD6301X0, HD6303X, and HD63701X0 instructions have seven addressing modes. 
3.2.1 Accumulator Addressing (ACCX) 


The instruction addresses an accumulator and ACCA or ACCB is selected. Accumulator addressing 
instructions take one byte. 3 


3.2.2 Immediate Addressing 


Immediate addressing places the data in the second byte of an instruction, except LDS.and LDX, which 
use the second and third bytes. An immediate instruction causes the CPU to address this operand. 
Immediate instructions take 2 or 3 bytes. 


3.2.3 Direct Addressing 


In direct addressing, the second byte of an instruction holds the address where the data is stored. 256 
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bytes ($00-$FF) can be addressed directly. Storing data in this area reduces instruction time, so 
configuring $00-$FF as user's RAM is recommended. Direct addressing instructions take 2 bytes, or 3 
bytes for AIM, OIM, EIM, or TIM. 


3.2.4 Extended Addressing 


In extended addressing, the second byte of an instruction holds the upper eight bits of the absolute 
address of the stored data, and the third byte holds the lower eight bits. Extended addressing 
instructions take 3 bytes. 


3.2.5 Indexed Addressing 


In indexed addressing, the second byte of the instruction (third byte for AIM, OIM, EIM, or TIM 
instructions) is added to the lower eight bits of the index register. The carry is added to the upper eight 
bits of the index register, and the 16-bit sum is the memory location of the data. The modified address is 
held in the temporary address register, so the index register doesn't change. Indexed addressing 
instructions take 2 bytes, or 3 bytes for AIM, OIM, EIM, or TIM. 


3.2.6 Implied Addressing 


In implied addressing, the instruction itself specifies the address. For example, the instruction 
addresses the stack pointer or index register. Implied addressing instructions take 1 byte. 


3.2.7 Relative Addressing 


In relative addressing, the second byte of the instruction and the lower eight bits of the program counter 
are added. The carry or borrow is added to the upper eight bits of the program counter. Locations from 
-126 to +129 bytes from the current location can be addressed. Relative addressing instructions take 2 
bytes. 
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3.3 Instruction Set 


The HD6301X0, HD6303X, and HD63701X0 are object-code upwardly compatible with the HD6801 to 
use all instructions of the HMCS6800. The instruction time of key instructions has been reduced, 


improving throughput. 
3.3.1 Additional Instructions 


Bit manipulation, index register and accumulator exchange, and sleep instructions have also been 
added to the HD6801 instruction set. AIM, OIM, EOM, and TIM are 3 byte instructions. The first byte is 
the opcode, second byte is the immediate data, and the third byte is the address modifier. 


AIM: ANDs the immediate data with the memory contents and stores the result in memory. (M) AND 
(IMM) -> (M). 


OIM: ORs the immediate data with the memory contents and stores the result in memory. (M) OR (IMM) 
-> (M). 


EIM: EORs the immediate data with the memory contents and stores the result in memory. (M) EOR 
(IMM) -> (M). 


TIM: ANDs the immediate data with the memory contents and changes the related flag in the condition 
code register. (M) AND (IMM). 


XGDxX: Exchanges the contents of the accumulator with the contents of the index register. (ACCD) -> 


(IX). 
SLP: Puts the MCU into sleep mode. Refer to 3.5 Low Power Dissipation Mode for details. 
3.3.2 Instruction Set Summary 
Tables 3-1 to 3-5 summarize the instruction set. 
e Accumulator and memory manipulation instructions: table 3-1 
« Index register and stack manipulation instructions: table 3-2 
e Jump and branch instructions: table 3-3 | 


¢ Condition code register manipulation: table 3-4 
¢ Opcode map: table 3-5 
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Condition Code 
Register 


Table 3-1. Accumulator and Memory Manipulation Instructions 
SEE 
V 


a.  Aressing Modes 
neo | over oO 
Operations Mnemonic Seo se0se0Ge0200 Arithmetic Operation H nn Z 
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Note: Condition Code Register will be explained in Note of table 3-4. 
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Table 3-1. Accumulator and Memory Manipulation Instructions (Cont.) 


Condition Code 
Register 
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Table 3-2. Index Register and Stack Manipulation Instructions 


Addressing Modes 
DIRECF INDEX EXTEND IMPLIED 


Condition Code 
. Register 









Pointer 


Operations 





= 
5 
® 
3 
} 
= 
a 


oo 
O 


Compare Index Reg | CPX 
Decrement Index DEX 
Decrement Stack Pntr | DES 
Increment Index Reg INX 


Increment Stack Pntr 


Load Index Reg LDX 
Load Stack Pntr LDS 
Store Index Reg STX 


Store Stack Pntr STS 


Index Reg — Stack 
ntr 
Stack Pntr—Index 


TXS 


TSX 


oO 


ABX 


X_--Msp, SP—1~SP 
XH --Msp, SP—1--SP 
SP+1 ~SP, Msp~XH 
SP+1-SP, Msp-*X- 


Push Data PSHX 


Pull Data PULX 





Exchange XGDX 


BE SaPRER Eee Ee 

m 

BEPC RRAERC CSE 
wo | O O Ne) 

ee eS ee eee ie ce 

ee Sel yea Mie ee eee Gee edie 

bate Mes ee ee SUE eee 





Note: Condition Code Register will be explained in Note of table 3-4. 
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Table 3-3. Jump and Branch Instructions 


Addressing Modes 
RELATIVE | DIRECT INDEX EXTEND IMPLIED 
Operations Mnemoni 


Branch Always ‘BRA 20 rel 


Branch if Carry BCC 
27 









Condition Code 
Register 
| [4] 3{2{1 jo 
Branch Test 


dl 
Es 
ee 
ca 
ca 
ee 


Branch if Carry Set | BCS 


Branch if=Zero 


Branch if 2 Zero BGE 


Branch if > Zero BGT j2e} 3] 2] 
Branch if Higher BHI 22132] | 
Branch ifSZero | BLE 

ES 


ete ae eae ee 
Loses seen ae 


Branch if Lower Or 


is) 
t= 
n 
nN 
WwW 
QW 
Pe || 


ame 


Branch if < Zero BLT Bops| 2) | ia 


Branch if Minus 









Branch if Not Equal 
ero 


BNE © 
Branch if Overflow 









“Branch if Overflow 
Set BVS 29 


Branch if Plus 





Branch To Subroutine 









Jump To Subroutine 


| [| 





No Operation 










Return From Interrupt 





Return From 
Subroutine 







Software Interrupt 


Wait for Interrupt* 









p> 
PERE: 


Note: * WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of table 3-4. 
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Table 3-4. Condition Code Register Manipulation Instructions 





_ Addressing Modes ; | Condition Code ee 
| ‘ Implied rsyal i 4 319 ie 


Operations Mnemonic OP | ~ ; # | Boolean Operation Fue 1 | 
l 


N 
Clear Carry CLC aie ¢ (Op eee Maer | 0 -C elele 
Clear Interrupt Mask _ ; CLI i wesgernaih OE | cats | 1 0 = Mp te tec! 2) 
e 














| | e 

Clear Overflow e 
Sat Carry = S 
Set Interrupt Mask i 4 oe 
Set Overflow 1 | 1 e 
Accumulator A~CCR ee | eo rh 
CCR-+Accumulator A | TPA "o7 | 1 | 1 (CCR -A jeleleleleie| 
Legend Condition Code Symbols 

OP Operation Code (Hexadecimal) H  Half-carry from bit 3 to bit 4 

~ Number of MCU Cycles | Interrupt mask 

Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 

# Number of Program Bytes Z Zero (byte) 

+ Arithmetic Plus V Overflow, 2’s complement 

— Arithmetic Minus C  Carry/Borrow from/to bit 7 

@ Boolean AND R Reset Always 

+ Boolean Inclusive OR S Set Always 

@® Boolean Exclusive OR Hf Set if true after test or clear 

M Complement of M @ Not Affected 

— Transfer into 

QO =Bit = Zero 

00 Byte = Zero 


Note: Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 

(Bit V) Test: Result = 10000000? 

(Bit C) Test: Result = 00000000? 

(Bit C) Test: BCD Character of high-order byte greater than 107? (Not cleared if previously set) 
(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test: Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to N + C = 1 after the execution of instructions 

(Bit N) Test: Result less than zero? (Bit 15=1) 

(All Bit) Load condition code register from stack. 

(Bit 1) Set when interrupt occurs. If previous set, a non-maskable interrupt is required to exist the wait state. 
(Al Bit) Set according to the contents of accumulator A. 

(Bit C) Result of multiplication bit 7= 1? (ACCB) 


DEOEQEE@e0LO 


Table 3-5. Memory Map 


OP ACCA or SP ACCB or X 


eT 
7 | 8 9 


pete eed Ex ste[ole| 
AIM 


eae 
Pea AF fra ar 

0011 BLS | PULB 

0100 LSRD| ~~ | BCC | DES | 

Faia |= [asin [ss [as 

EPEC Le ie URN SRE ET 
Counn_[7 [wea [van Lace [rove] nana 
CaEtl i | Cio ee ane eee Sanne C3 
Pion [= [oex| on [ave area 


pon] = [ser [ron ow | | 


nieo fe [eve [7 ace frsee oi 
Pinot 0 [seo 7 ocr] wn = 
Pano fe [ou £7] eer | war 
pam [+ [se 7] ate [ow 
ee celee Ire 





L7IUNDEFINED OP CODE 


* Only AIM, OIM, EIM, TIM instructions ©) HITACHI 
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3.4 CPU Instruction Flow 


When operating, the CPU fetches an instruction from memory and executes the required function. This 
sequence starts from RES high, and repeats itself continuously if not affected by a special instruction or 
control signal. SWI, RTI, WAI, and SLP instructions change this operation, and NMI, IRQ1, IRQo, IRQ3, 
HALT, and STBY control it. Figure 3-2 shows the CPU mode transitions, and figure 3-3 is the CPU 
system flowchart. Table 3-6 shows the CPU operating states and port states. | 


Active 


Standby STBY= 8) 


$$$ $$ 
Mode 





Figure 3-2. CPU Operation Mode Transitions 
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60V 


(O) 


IHOWLIH 


VECTORING 
FFFE, FFFF 






; 1. The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=O, the 
sequence will go into the standby mode regardless of the CPU 
condition. 

2. Refer to 3.8 Interrupts for more details of interrupts. 














































|FFF4 FFFS| 


NMI INTERRUPT 
REQUEST FLAG 
CLEAR 


FFFA FFFB 


FFF8 FFF9 


| VECTORING | 


VECTORING 












INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT: NMI 


Figure 3-3. System Flowchart 





Table 3-6. CPU Operating States and Port States 


Port 


1 (Ag-A7) 


3 (Do-D7) 


4 (Ag-A45) 


Notes: 


Mode 
1,2 
3 
1,2 
3 
1,2 
3 
1,2 
3 
1,2 
3 
1,2 
3 
1,2 


3 


Reset 

High 

High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High 

High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
Note 1 


High impedance 


1. RD, WR, RW, LIR = high; BA = low | 

2. RD, WR, R/W = high impedance; LIR, BA = high 
3. Eis high impedance in standby state. 
4 


HALT cannot be accepted in mode 3. 


3.5 Low Power Dissipation Modes 


Standby? 


High impedance 


High impedance 
High impedance 
High impedance 
Hight impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High impedance 


High impedance 


Halt? 


High impedance 


Keep 


Sleep 
High 


High impedance. 


Keep 
Keep 


Keep 


High impedance High impedance 


High impedance 


High impedance 


Keep 


Note 2 


Keep 

High 

Keep 

High impedance 
High impedance 
Keep 

Keep 

Note 1 


Keep 


The MCU has two low power dissipation modes, sleep and standby. Table 3-7 shows the MCU staie in 
sleep and standby modes. 
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Table 3-7. Sleep and Standby Modes 








Sleep Mode Standby Mode 

Oscillation circuits Continue operation Stop 

CPU Stop Stop 

CPU registers Hold Undefined 

RAM Hold Hold 

I/O pins Hold High impedance 

Timers Continue operation Stop 

SCl Continue operation Stop 

Internal Registers Hold Reset 

How to release Interrupt STBY = high before reset start 
STBY = low (Hold RES low after STBY high until 
Reset start oscillator stabilizes, 20 ms min) 


3.5.1 Sleep Mode 


The MCU goes into sleep mode when the SLP instruction is executed. In the sleep mode, the CPU 


stops operation while maintaining the registers’ contents. Peripherals such as the timers and the SCI 


continue their functions. One-fifth as much power is dissipated in sleep mode as in the operating mode. 


The sleep mode is terminated by an interrupt, or a RES or STBY signal. RES causes the MCU to reset, 


STBY causes it to go into standby mode. When the CPU receives an interrupt request, it returns to 


operating mode. If the interrupts are enabled, it branches to the interrupt service routine. If they are 


masked, it executes the next instruction. However, if timer 1 or 2 prohibits a timer interrupt, the CPU 


won't cancel the sleep mode because there is no interrupt request to the CPU. 


The sleep mode reduces power dissipation for a system that doesn't need the CPU's continuous 


operation. Figure 3-4 is the sleep instruction timing chart. 





Internal 


eee a ee ee ee ee ee ee ee a 
Stop in 
Sleep | J 1 I | J | I l J | j } j | j | j | f l j | 
mode clock 

Sleep cleared 


ADDRESS FFF 70> FX FETTER) = Sleep is cleared 


with interrupt 
masked 


DATA 
BUS Rah, “NASER PS ee wey ee 


Interrupt save routine 
+ hs unarenty 


Sleep Instruction Address 
bus where ~~ Ons 1 FFE 
sleep is cleared 
without interrupt 
interrupt occurs masked 


Program 
Figure 3-4. Sleep Instruction Timing 
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3.5.2 Standby Mode 


When the STBY input goes low, the MPU stops all clocks and goes to the reset state. In this mode, 
power dissipation is greatly reduced. All pins except Voc, Vss, STBY, and XTAL (outputs 0) are 
detached from the MCU internally, and go to high impedance. 


In standby mode, power is supplied to the MCU, so that the contents of RAM are retained. The MCU 
returns from this mode with a reset. 


An example of the use of this mode follows. First, save the CPU state and SP contents in RAM by an 
NMI routine. Then disable the RAME bit in the RAM control register and set the STBY PWR bit to go to 
standby mode. If the STBY PWR bit is still set after reset start, power has been supplied to the MCU and 
the RAM contents have been retained properly. The system can restore itself by returning the 
pre-standby information to the SP and registers. Figure 3-5 shows the timing at the NMI, RES and STBY 
pins. 


Note: In standby mode, the mode program pins, MP9 and MP4, should be held according to the 


operation mode. If they are opened, the standby current will increase over the specified value. 


7 


Save Registers Oscillator 
RAM/Port 5 Control Start Time 
Register Set 

Restart 


Figure 3-5. Standby Mode Timing 


‘© HITACHI 


3.6 Trap Function 


The CPU generates an interrupt with the highest priority (TRAP) when it fetches an undefined 
instruction or an instruction from outside of memory space. The trap function prevents system 
malfunctions caused by noise or program error. 


3.6.1 Opcode Error 


When the CPU fetches an undefined opcode, it saves the CPU registers as well as performing the 
normal interrupt procedure and branches to TRAP ($FFEE, $FFEF). This has the highest priority next to 
reset. 


3.6.2 Address Error 


When an instruction is fetched from outside the internal ROM, RAM, and external memory area, the MCU 
generates an address interrupt as well as an opcode error. But on a system with no external memory, a 
trap is not generated if an instruction is fetched from the external memory area. Table 3-8 shows the 
addresses where an address error occurs in each mode. This function is available only for an instruction 
fetch, and does not apply to data read/write. 


Table 3-8. Address Error Addresses 


Mode Address 
1 $0000-$001F 
2 $0000-$001F 
- 3 $0000-$003F, 
$0100-$EFFF 
3.6.3 Caution 


The trap function has a retry function other interrupts do not have. The program flow returns to the 
address where the trap occured when RTI returns the CPU to the main routine from the TRAP routine. 
The retry can prevent problems caused by noise, etc. However, if another trap occurs, the program can 
repeat the retry/TRAP cycle forever. Consideration is necessary in programming. | 


In figure 3-6, after executing instruction OPn, the MPU fetches and decodes an undefined opcode and 
generates a trap interrupt. When the RT] is executed in the trap interrupt servicing routine, the MPU will 
put $FF03 in the PC, fetch the same opcode, and generate the trap again. The MPU will endlessly 
repeat loop ABC. 
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In figure 3-7, after executing the BSR, the branch destination address is output to the address bus to 
fetch the first instruction of the subroutine. If $0001 is erroneously output as the address, the MPU will 
decode it and generate a trap interrupt. When the RTI is executed in the trap interrupt servicing routine, 
the MPU will put $0001 in the PC, and start from this address. This will generate another trap, in an 
endless loop. 


ny —~ 
address interrupt 
Trap interrupt 
Undefinition 


$FFO3 


$FFO4} OPn+1 





Figure 3-6. Executing an Undefined Opcode Figure 3-7. Erroneous Fetch 
3.7 Reset 


To reset the MCU during operation, hold RES low for at least 3 system-clock cycles. At the third cycle, 
when the clock signal is low, all the address buses become high. While RES is low, the buses remain 
high. When RES goes high, the MCU starts the following operations. | 


1. Latches the value of the mode program pins, MP; and MPo. 
2. Initializes the internal registers (see table 2-3). 


3. Sets the interrupt mask bit. For the CPU to recognize the maskable interrrupts IRQ4, IRQ>, and 
IRQ3, this bit should be cleared in advance. 


4. Puts the contents (= start address) of the last two addresses ($FFFE, $FFFF) into the program 
counter and starts the program from this address. See table 2-4. 


The MCU cannot accept a reset input until the clock oscillation is stable after power-on (20 ms maximum). 
This is because the reset signal is internally synchronized to the clock as shown in figure 3-8. Until 
oscillation starts, the MCU and I/O pins are undefined. External devices that need to know the MPU's 
state during this period must be informed by external circuits. Refer to 2.4 Ports for the state of the ports 
during reset. Figure 3-9 shows reset timing. | 





Inside the LSI 


Figure 3-8 Reset Circuit 
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$j 
tac 
-—_— OO” 
Veo — 0.5V 
0.8V 
i 


oe FFFF FFFF FFFF FFFF 


FFFF FFFF FFFF FFFF FFFF FFFF New PC 


Internal R IM ae an 


Internal w IM a an 
ov TTY a 
«(MY ——s—“—NFSM AW TO 


PC8 PCO First 
PC15 PC7 Instruction 





Figure 3-9 Reset Timing 


3.8 Interrupts 


The CPU will complete the current instruction before accepting the request. If the interrupt mask bit in 
the condition code register is set, the request will be ignored. When the interrupt sequence starts, the 
contents of the program counter, index register, accumulators, and condition code register will be saved 
onto the stack. Then the CPU sets the interrupt mask bit and will not respond to further maskable 
interrupt requests. In the last cycle of the interrupt, the CPU fetches the vectors shown in table 3-9, 
transfers their contents to the program counter and branches to the interrupt service routine. 


The extemal interrupt pins IRQy and IRQ> are also used as P5g and P54. The function is chosen by the 


enable bits in the RAM/port 5 control register (bits 0 and 1) at $0014. See 2.5 RAM/Port 5 Control 
Register for details. | 


When one of the internal interrupts, ICI, OCI, TO!, CMI, or SIO is generated, the CPU produces the 
internal interrupt signal, |RQ3. IRQ3 functions just the same as IRQ, or IRQo, except for its vector 


address. Table 3-9 is an interrupt vector map, figure 3-10 is the interrupt sequence, and figure 3-11 is 
the interrupt circuit block diagram. 
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Table 3-9. Interrupt Vector Memory Map 


Priority MSB LSB Interrupt 


Highest FFFE  FFFF RES 
FFEE FFEF = TRAP 
FFFC FFFD NMI 
FFFA FFFB SWI (Software interrupt) 
FFF8 FFFQ9 = IRQ, 


FFF6 FFF7 ICI (Timer 1 input capture) 

FFF4 FFF5 OCI (Timer 1 output compare 1, 2) 
FFF2 FFF3 ‘TO! (Timer 1 overflow) 

FFEC FFED CMI (Timer 2 counter match) 
FFEA FFEB IRQ5 


Lowest FFFO FFF1 SIO (RDRF + ORFE + TDRE) 


Interrupt 
Test 


E 


Internal | ; 7 
Address Bus Ki xX xX xX X RX RX KR KR K HK HK KR HK KX) 
Op Code Op and FFFF SP  SP-1 SP-2 SP-3 SP-4 sp-5 SP-6 Tce. iene _ 
NMI, IRQ,, 0.8V Audress nodes Address Addrss Address 


IRQ,, IRQ, ines 


Internal 


Data Bus Op Code Operand Irrelevant PCQO~ PC8~ IXO~ IX8~ ACCA ACCB CCR Wed o a aed F 
Op Code Data PC7 PC15 1X7 X15 nterrupt Routine 


Internal 


Read | \ sy 
Internal Se Aaa ea Se 


Write 





Figure 3-10. Interrupt Sequence 
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Each Status Register’s Interrupt 
Enable Flag 
1; Enable, 0 ; Disable 


Condition 
Code 
Register 


Interrupt 
Request 
Signal 


Edge 
Detective 
Circuit 


Address Error 

TRAP 
Op Code Error 
Detective Circuit 





Figure 3-11. Interrupt Circuit Block Diagram 


The SEI instruction sets the interrupt mask bit, inhibiting interrupts. The CLI instruction clears the 
interrupt mask bit, allowing interrupts. The TAP instruction can set and clear the interrupt mask bit also. 
There must be at least two cycles between clearing the interrupt mask bit and setting it again, or an 
interrupt which occurs between setting and clearing the bit cannot be accepted (figure 3-12). 





Figure 3-12. CLI and SEI Timing 
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Section 4. Timer 1 


The 16-bit programmable timer, timer 1, can measure an input waveform and independently generate 
two independent waveforms. The pulse widths of the input and output waveforms can vary from 
microseconds to seconds. 


Timer 1 has the following components (figure 4-1). 


¢ Control/status register 1 (8 bits) 

¢ Control/status register 2 (7 bits) 

« Free-running counter (16 bits) 

« Output compare register 1 (16 bits) 
¢ Output compare register 2 (16 bits) 
¢ Input capture register (16 bits) 


Internal Data Bus 


Output Compare 
Register 1 


$09, SOA ice $0E 


- Overflow Detect | 





Figure 4-1. Timer 1 Block Diagram 
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4.1 Free-Running Counter (FRC) 


The key element of timer 1 is the 16-bit free-running counter. It is incremented by the system clock. 
The counter value can be read by software without affecting the counter. Reset clears the counter. 


The free-running counter is located at addresses $0009 and $000A. When the CPU writes to the high 
byte of the FRC ($0009), a preset value ($FFF8) is actually written to both bytes of the counter, 
regardless of the write data value. When the CPU writes to the low byte ($000A) after the high byte, 
both the low and high byte of the write data value are written to the FRC. See figure 4-2. The counter 
operates this way when written to by double-byte store instructions (STD, STX, etc). 


$09 Write $O0A Write 


Counter value '  $FFF8 ! $5AF3 
' ! 


Writing S5AF3 to the FRC. 





Figure 4-2. Counter Write Timing 


4.2 Output Compare Registers (OCR) 


The output compare registers are 16-bit read/write registers that control the output waveforms. They are 
located at $000B, $000C (OCR1) and $0019, $001A (OCR2). 


The OCR's are constantly compared to the FRC. When the data matches, the output compare flag 
(OCF) in the timer control/status register (TCSR) is set. If an output enable bit (OE) in TCSR2 is set to 1, 
an output level bit (OLVL) will be output to bit.1 (Tout1) and bit 5 (Tout2) of port 2. To determine the 
output level for the next compare match, change OCR and OLVL. 


The OCR is set to $FFFF after reset. The compare function is inhibited for a cycle just after a write to the 
OCR or the upper byte of the FRC. This is so that the 16-bit value will be valid in the OCR, and because 


$FFF8 is set after the FRC's upper byte is written. 


To write to the OCR, use a 2-byte transfer instruction, such as STX. 
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4.3 Input Capture Register (ICR) 


The input capture register is a 16-bit read-only register located at $000D, $000E. It stores the FRC's 


value when an external input signal transition at P29 generates an input capture pulse. Which transition 


generates the pulse is defined by the input edge bit (IEDG) in TCSR1. 


To input an edge bit to the edge detector, clear bit 0 of port 2's DDR. When an input transition occurs at 
the next cycle of the CPU's ICR upper-byte read, the input capture pulse will be delayed one cycle. To 
ensure input capture, the CPU must read the ICR with a 2-byte transfer instruction. The ICR is cleared to 
all zeros during reset. | 


4.4 Timer Control/Status Register 1 (TCSR1) 


_ The timer control/status register 1 is an 8-bit register located at $0008 (figure 4-3). All of the bits can be 


420 


read and the lower 5 can be written to. The 3 upper read-only bits indicate the timer status. 


7 6 5 4 3 2 1 0 
OCF1 EICI}EOCI1] ETOI| IEDG | OLVL 1} $0008 


Figure 4-3. Timer Control/Status Register 1 





4.4.1 Output Level 1 (OLVL1) 


OLVL1 is transferred to port 2, bit 1 when a match occurs between the counter and OCR1. If OE1, bit 0 
of TCSR2 is set to 1, OLVL1 will be output at port 2 bit 1. Bit 0. 


4.4.2 Input Edge (IEDG) 


lEDG determines whether the rising edge or the falling edge of P2g will trigger data transfer from the 


counter to the ICR. IEDG = 0 specifies a falling edge (high to low); IEDG = 1 specifies a rising edge (low 
to high). Bit 0 of port 2's DDR must be cleared for this function to operate. Bit 1. 


4.4.3 Enable Timer Overflow Interrupt (ETOI) 


Setting ETOI to 1 enables timer overflow interrupt (TOl) to trigger an internal interrupt (IRQ3). When 
ETOI is cleared, the interrupt is inhibited. Bit 2. 


4.4.4 Enable Output Compare Interrupt 1 (EOCI1) 


Setting EOCI1 to 1 enables output compare interrupt 1 (OCI1) to trigger an internal interrupt (IRQ3). 
When EOCI1 is cleared, the interrupt is inhibited. Bit 3. 
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4.4.5 Enable Input Capture Interrupt (EICI) 


Setting EICI to 1 enables input capture interrupt (IC}) to trigger an internal interrupt (IRQ3). When EICI is 
cleared, the interrupt is inhibited: Bit 4. 


4.4.6 Timer Overflow Flag (TOF) 


TOF is set when the counter value increments from $FFF to $0000. TOF is cleared when CPU reads 
the TCSR1, then the counter's upper byte (at $0009). Bit 5, read only. 


4.4.7 Output Compare Flag 1 (OCF1) 


OCF1 is set when a match has occurred between the FCR and OCR1. Writing to OCR1 ($000B or 
$000C) after reading the TCSR1 or TCSR2 clears OCF1. Bit 6, read only. 


4.4.8 Input Capture Flag (ICF) 

ICF is set when the transition of the P29 input signal selected by IEDG causes the counter to transfer its 
data to the ICR. Reading the high byte of the ICR ($000D) after reading TCSR1 or TCSR2 clears ICF. Bit 
7, read only. | 


4.5 Timer Control/Status Register 2 (TCSR2) 


The timer control/status register 2 is a 7-bit register located at $000F (figure 4-4). All of the bits can be 
read and the lower 4 can be written to. The 3 upper read-only bits indicate the timer status. 


Both TCSR1 and TCSR2 are cleared during reset. 


7 6 5 4 3 2 1 0 
OCF1 core] — EOCI2/OLVL2 $000F 





Figure 4-4. Timer Control/Status Register 2 


4.5.1 Output Enable 1 (OE1) 


Setting OE1 to 1 enables OLVL1 to appear at P2, when a match has occurred between the counter 


and the output compare register 1 (OCR1). Clearing OE1 makes P24 anl/O port. Bit 0. 
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4.5.2 Output Enable 2 (OE2) 


Setting OE2 to 1 enables OLVL2 to appear at P25 when a match occurs between the counter and the 


output compare register 2 (OCR2). Clearing OE2 makes P25 anl/O port. Bit 1. 


Note: If OE1 or OE2 is set to 1 before the first output compare match after reset, P24 or P25 will output 
0. 


4.5.3 Output Level 2 (OLVL2) 


OLVL2 is transferred to P25 when a match occurs between the counter and OCR2. If OE2 (bit 1 of 
TCSR2) is set to 1, OVLV2 will be output at P25. Bit 2. 


4.5.4 Enable Output Compare Interrupt 2 (EOCI2) 


Setting EOCI2 to 1 enables output compare interrupt 2 (OCI2) to trigger an internal interrupt (IRQ3). 
When EOCI2 is cleared, the interrupt is inhibited. Bit 3. 


4.5.5 Output Compare Flag 2 (OCF2) 


OCF2 is set when a match has occurred between the FCR and OCR2. Writing to OCR2 ($0019 or 
$001A) after reading TCSR2 clears OCF1. Bit 6, read only. 


4.5.6 Output Compare Flag 1 (OCF1) and Input Capture Flag (ICF) 


The OCF1 and ICF addresses are partially decoded. The CPU reading TCSR1/TCSR2 makes it possible 
to read OCF1 and ICF into bits 6 and 7. 
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4.6 Timer Status Flags 


Table 4-1 shows set and clear conditions of each status flag in timer 1. 


If flag set and clear conditions occur at the same time, timer 1 flags will be set. 


Table 4-1 Timer 1 Status Flags 


Flag Set Condition Clear Condition 
Timer 1  ICF “FRC — ICR at edge of P29 - Read TRCSR1 or TRCSR2, then ICRY 
-RES = 0 
OCF1 -OCR1 = FRC * Read TRCSR1 or TRCSR2, then write 
OCR1}y or OCR1, 
-RES = 0 
OCF2 +OCR2 = FRC ‘Read TRCSR2, then write OCR2,4 or 
OCR2,_ 
-RES = 0 
TOF +FRC=$FFFF+1 cycle ‘Read TRCSR, then FRC 
-RES = 0 


4.7 Precautions on Clearing OCF 


Writing to the OCR after reading the TCSR when the OCF is 1 clears the OCF. However, the OCF is not 


cleared under the following conditions. 
1. Acompare match is found before the CPU writes to the OCR after reading the TCSR with OCF = 0. 


2. Acompare match is found at the same time as the CPU writes to the OCR after reading the TCSR 
with OCF = 1. 


See figure 4-5. 


The OCF will always be cleared if you assure that a compare match does not occur between the TCSR 
read and the OCR write. In example 1, figure 4-6, the OCR is loaded with the contents of the 
free-running counter (FRC) before the TCSR is read. A compare match will not occur until the FRC is 
counted up. In example 2, an OCR write cycle is executed immediately before and after TCSR read. A 
compare match will not occur until a match occurs between the contents of the FRC and the OCR write 


data. 
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1. When OCF is not cleared 
(1) case 1 


LDAA TCSR | STD OCR 
! | 


E clock 
TCSR read OCRH write, OCRL write 


j : 
en ae 
1 | 


| 
| 
OCF clear signal t rere SNS ONE (ee eee ee 
SS ee ee 1 3 { 
| 


| 


OCF is not cleared. 


(2) case 2 


LDAA TCSR | STD OCR 
$$ $d 
{ 


E clock 
TCSR read OCRH write } OCRL write 
| 


OCF clear signal ae ee Ae a ee 


OCF set signal | 5 


OCF | —_. $$ 
At conflict, —-) . 


prior set ie amine es ere emo 


Figure 4-5. OCF Clearing Problems 


[program example] [program example] 


FRC — OCR 
TCSR read 


OCT + AT — OCR 





Figure 4-6 Clearing the OCF 
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Section 5. Timer 2 


In addition to timer 1, the HD6301X0, HD6303X, and HD63701X0 have an 8-bit reloadable timer for 
counting external events, timer 2. Timer 2 has a timer output, so the MCU can generate three 
independent waveforms. 


Timer 2 has the following components (figure 5-1). 


¢ Control/status register 3 (7 bits) 
« Upcounter (8 bits) 
¢ Time constant register (8 bits) 


internal Data Bus 
ip! tt Timer1 FRC 














1 
ck 
Con a ick |__ port 2 
Constant oc ‘ 
Register Upeounter Select ! Bit 7 
i | 
| 
! 
| 
I 
D { 
7p) I 
© I 
Compare ei 
@ 
ra | 
3 | 
8 | 
Output 
Level Port 2 
isn au - 
-. | 


TCSR3 
ECMI = T2E | TOS1 |] TOSO] CKS1] CKSO $001B 
IRQ, vo i 


Figure 5-1. Timer 2 Block Diagram 
5.1 Timer 2 Upcounter (T2CNT) 


The 8-bit upcounter is located at $001D. It operates from the clock input selected by CKSO and CKS1 
of TCSR3. The counter can always be read without being affected. In addition, it can be written to at any 
time, even during counting. 


The counter is cleared when the counter value matches the time constant register (TCONR) value, or 
during reset. 


© HITACHI 
425 


If the CPU writes to the counter during a cycle when it is being cleared, it will not be cleared, but will take 
the value written by the CPU. 


5.2 Time Constant Register (TCONR) 


The 8-bit write-only time constant register is located at $001C. It is always being compared to the 


upcounter. 


When it matches, the counter match flag (CMF) of the timer control/status register 3 (TCSR3) is set. P2g 


will then output the value selected by TOSO and TOS1 of the TCSR3. When the CMF is set, the 
counter will be cleared simultaneously and start counting from $00. This enables regular interrupts and 
waveform output without any software attention. TCONR is set to $FF during reset. 


When a write-only register like TCONR is read by the MCU, $FF always appears on the data bus. 
Whenever the MCU performs an arithmetic or logic operation between memory, and a write-only register, 
the result will be $FF. | 


5.3 Timer Control/Status Register 3 (TCSR3) 


The 7-bit timer control/status register is located at $001B (figure 5-2). All bits can be read and all bits can 
be written except CMF (bit 7). TCSR3 is cleared at reset. _ 


7.6 5 4 8 2 1 0 
jomelecmi] — | 126. Tos1 | TOSO| CKS1| CKSO| $001B 





Figure 5-2. Timer Control/Status Register 3 


5.3.1 Input Clock Select 0 and 1 (CKSO, CKS1) 


CKSO and CKS1 select the counter clock as shown in table 5-1. When the external clock is selected, 

the rising edge of P27 increments the counter. The external clock's frequency can be up to one-halt 

the system clock frequency. If the E clock divided by 8 or 128 is selected, the clock comes from timer 1, | 
so do not write to the FRC. Bits 0 and 1. 
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Table 5-1. Input Clock Select 


CKS1 CKSO Input Clock 


0 0 E clock 

0 1 E/8 

1 0 E/128 

1 1 External clock (P27) 


5.3.2 Timer Output Select 0 and 1 (TOSO, TOS1) 


When the upcounter matches TCONR, timer 2 will output to P2g as selected by TOSO and TOS1 (table 
5-2). When TOSO and TOS1 are 0, P2¢ will be an I/O port. When toggle output is selected, the P2g 


output level reverses each time the upcounter and TCONR match. This produces a 50% duty cycle 


square wave at P2¢ without software support. Bits 2 and 3. 


Table 5-2. Timer 2 Output Select 


TOS1 TOSO Timer Output 


0 0 Timer output inhibited 
0 1 Toggle output 

1 0 Output 0 

1 1 Output 1 


5.3.3 Timer 2 Enable (T2E) 


When 72E ts cleared to 0, the clock input to the upcounter is inhibited, and the upcounter stops. When 
T2E is set, the clock selected by CKSO and CKS1 is input to the upcounter. Bit 4. 


Note: P2g outputs 0 when T2E bit is 0 and timer 2 is enabled by TOSO and TOS1. It also outputs 0 


when T2E is 1 and timer 2 is output enabled before the first match occurs. 
5.3.4 Enable Counter Match Interrupt (ECMI) 


Setting ECMI to 1 enables CMI to trigger an internal interrupt (IRQ3). When ECM is cleared, the interrupt 
is inhibited. Bit 6. | 
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5.3.5 Counter Match Flag (CMF) 


The read-only CMF bit is set when the upcounter matches the TCONR. It is cleared by writing a zero to it. 
Bit 7. 


5.4 Timer Status Flag 


Table 5-1 shows set and clear condition of each status flag in timer 2. 
If flag set and clear condition occurs at the same time, timer 2 flag will be set. 


Table 5-1. Timer 2 Status Flag 


Flag Set Condition Clear Condition 
_ CMF - T2CNT = TCONR - Write 0 to CMF 
- RES = 0 
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Section 6. Serial Communications Interface 


The serial communications interface (SCI) has two operating modes: asynchronous with NRZ format, and 
clock synchronous. The synchronous mode transfers data synchronized with the serial clock. 


The SCI has the following components (figure 6-1). 


- Transmit/receive control/status register (TRCSR) 
« Rate/mode control register (RMCR) 

¢ Receive data register (RDR) 

¢ Receive data shift register (RDSR) 

¢ Transmit data register (TDR) 

¢ Transmit data shift register (TDSR) 











P23 ze Receive Data Shift Register (RDSR) 
Bit 7 i 5 
Receive Data 
Register 
(RDR) 


Rate and Mode 
Control Register (RMCR) Bit O 


Internal Data Bus 


Transmit 1 | 
Bit 7 Data Register (TOR) Bit O Bit 7 Bit O 


Transmit/Receive Control and Status Register 
(TRCSR) 


a Transmit Data Shift Register (TDSR) Timer1 FRC 


Upcounter 
















Figure 6-1. SCl Block Diagram 


6.1 Initialization 


The serial 1/O hardware must be initialized by the software for operation. The usual procedure follows. 


1. Write the desired operating mode to the RMCR. 
2. Write the desired operating mode to the TRCSR. 
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The TE and RE bits may only be set when P23 and P2, are used for serial I/O only. But TE and RE 


should be 0 when you Set the baud rate and operating mode. Clearing and setting TE and RE again 
must take more than one cycle at the current baud rate. If they are set within less than 1 cycle, 
transmit/receive initialization may fail. 


6.2 Asynchronous Mode 


The asynchronous mode has two data formats: 


¢ 1 start bit + 8 data bits + 1 stop bit 
¢ 1 start bit + 9 data bits + 1 stop bit 


In addition, the ninth bit can be set to 1 in the 9-bit format to form a third format: 
¢ 1 start bit + 8 data bits + 2 stop bits 


6.2.1 Asynchronous Transmission 


Setting TE in the TRCSR enables transmission. P24 becomes the serial output port regardless of the 


state of bit 4 of the DDR. 


Both RMCR and TRCSR should be set to the desired operating conditions. When TE is set, a 10-bit 
preamble (8-bit format) or 11-bit preamble (9-bit format) will be sent. When it is being sent, internal 
synchronization will stabilize, and the transmitter will become ready to send. 


At this point, if the TDR is empty (TDRE = 1), all 1's will be output, to indicate the idle state. If the TDR 
contains data (TDRE = 0), the data is sent to the transmit data shift register, and transmission begins. 


During transmission, first a 0 start bit is sent. Then 8 or 9 bits of data, starting at bit 0, are transmitted, 


followed by a stop bit of 1. 


When the TDR is empty, hardware sets the TDRE flag bit. If the CPU doesn't respond to the TDRE flag 
before the next normal transfer should start, the transmitter sends 1's (instead of the 0 start bit) until data 
is provided to the data register. While the TDRE is set, the transmitter will not send a 0. 


6.2.2 Asynchronous Reception 


Setting the RE bit enables reception. P23 becomes the serial input port, regardless of the state of bit 3 
of the DDR. The contents of TRCSR and RMCR select the data receive operating mode. The first 0 


(space) synchronizes the receive bit flow. Each bit of the following data will be strobed in the middle. 
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lf the stop bit is not 1, the receiver assumes a framing error, and sets ORFE. When a framing error 
occurs, the receiver transfers the data to the receive data register and the CPU can read the data that 
caused the error. This makes it possible to detect line breaks. 


If the stop bit is 1, the data is transferred to the receive data register and the interrupt flag RDRF is set. If 
the RDRFF is still set when the stop bit of the next data is received, the receiver sets ORFE to indicate an 


overrun. 


When the CPU reads the RDR in response to the RDRF or ORFE in the TRCSR, the RDRF or ORFE bit 
is cleared to 0. 


6.2.3 Asynchronous Clock Source 
When using an internal clock for asynchronous serial I/O, keep the following in mind: 


¢« Set CC1 and CCO to 1 and 0, respectively (table 6-3). 

¢ Aclock will be generated regardless of the value of TE and RE. 
« The maximum clock rate is E/16. 

. The output clock rate is the same as the bit rate. 


When using an external clock, keep the following in mind: 


« Set CC1 and CCO to 1 and 1, respectively. 
¢ The external clock frequency should be set to 16 times the baud rate. 


* Maximum clock frequency is that of the system clock 
6.3 Clock Synchronous Mode 


In the clock synchronous mode, data transmission is synchronized with a clock pulse. The SCI has a fully 
independent transmitter and receiver, which make full duplex asynchronous operation possible. 
Therefore, in synchronous mode, the only clock I/O pin is P29, So simultaneous transmit and receive is 
not available. In synchronous mode, TE and RE should not be set to 1 at the same time. Figure 6-2 is 
the clock and data format for synchronous mode. 
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Creed Transmit Direction 


clock 


//ZA Not Valid 


* Transmit data is sent between the negative edge of a synchronous clock and the next negative edge. 
* Receive data is latched at the positive edge. 





Figure 6-2. Clock Synchronous Mode 
6.3.1 Synchronous Transmission 


Setting the TE bit in the TRCSR enables transmission. P24 becomes the serial output port regardless 


of bit 4 inthe DDR. Both the TRCSR and RMCR should be set to the desired operating conditions for 
transmission. 


When external clock input is selected, data is transmitted under the TDRE flag 0 from P24, synchronized 
with 8 clock pulses input to P29. Data is transmitted from bit 0, and TDRE is set when the transmit data 


shift register is empty. More than 8 extemal clock pulses are ignored. 


When the transmitter is selected to output the clock, the SCI outputs the clock and synchronous data 


~ when the TDRE flag is cleared. 
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6.3.2 Synchronous Reception 


Setting the RE bit enables data reception. P23 becomes the serial input port regardless of bit 3 in the 


DDR. TRCSR and RMCR select the data reception operating mode. 


If external clock input is selected, the RE bit should be set while the clock signal at P29 is high. After the 


RE bit is set, 8 external clock pulses and synchronized bits of receive data are input at P22 and P23 


respectively. The SCI puts a bit of data into the receive data shift register at every clock pulse, and sets 
the RDFF flag after 8 bits have been received. More than 8 pulses are ignored. When the CPU reads 


the received data, RDRF is cleared, and the SCI starts receiving the next data. Clear RDRF 
when P25 is high. 


When the receiver is selected to output the clock, 8 clocks are output to P25 when the RE bit is set. 
The receive data should appear at P23 synchronously with this clock. When the first byte of data is 


received, the SCI sets the RDRF flag. To receive the next byte, clear the RDRF flag to start the clock and 
Start receiving. 
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6.4 Transmit/Receive Control Status Register (TRCSR) 


The TRCSR is located at $0011 (figure 6-3). All 8 bits can be read, and bits 0-4 can be written to. 
TRCSR is initialized to $20 during reset. | 


7 6 5 4 3 2 1 0 





Figure 6-3. Transmit/Receive Control Status Register 


6.4.1 Wake-Up (WU) 

In a typical multiprocessor configuration, the software protocol provides the destination address as the 
first byte of a message. The wake-up function allows uninterested MCU's to ignore the rest of the 
message. When the WU bit is set, the SCI stops receiving data until the next message. 

The wake-up function is triggered by one frame length of consecutive 1's (10 bits for 8-bit data, 11 bits 
for 9-bit data). This function is only available in asynchronous mode. Do not set WU in clock 
synchronous mode. Receiving these consecutive 1's wakes up the SCI and clears WU. The SCI starts 
receiving data. The RE flag should be set before WU is set. Bit 0. | 


6.4.2 Transmit Enable (TE) 


When TE is set, transmit data will appear at P24 after a 1-frame preamble in asynchronous transmission, 
or immediately in clock synchronous transmission. P2, will be the serial output regardless of the state of 


bit 4 of port 2’s DDR. If TE is cleared, serial I/O doesn't affect P24. Bit 1. 

6.4.3 Transmit Interrupt Enable (TIE) 

setting TIE enables TDRE to trigger an internal interrupt (IRQ3). Clearing TIE inhibits the interrupt. Bit 2. 
6.4.4 Receive Enable (RE) 


Setting RE inputs the signal at P23 regardless of the state of bit 3 of port 2's DDR. When RE is cleared, 


serial I/O doesn't affect P23. Bit 3. 
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6.4.5 Receive Interrupt Enable (RIE) 


Setting RIE enables RORF or ORFE (TRCSR bit 6 or 7) to trigger an internal interrupt (IRQg3). Clearing 
RIE inhibits the interrupt. Bit 4. | 


6.4.6 Transmit Data Register Empty (TDRE) 

In asynchronous mode, the SCI sets TDRE when the TDR is transferred to the TDSR. In the clock 
synchronous mode, SCI sets TDRE when the TDSR is empty. TDRE is reset by reading the TRCSR 
and writing new transmit data to the transmit data register. TDRE is set to 1 at reset. Bit 5, read only. 


6.5.7 Overrun/Framing Error (ORFE) 


The SCI sets ORFE when an overrun or framing error is generated during data receive. An overrun error 
occurs when new receive data is ready to be transferred to the RDR, and RDPF is still set. A framing 
error occurs when a stop bit is not 0. ORFE is only affected in asynchronous mode. Reading the RDR 
after reading the TRCSR clears the ORFE. It is cleared at reset. Bit 6, read only. 


6.4.8 Receive Data Register Full (RDRF) 


RDRF is set when the RDSR is transferred to the RDR. Reading the RDR after reading the TRCSR 
clears the RDRF. It is cleared at reset. Bit 7, read only. 


Note: When more than 1 of bits 5, 6, and 7 are set, one TRCSR read will clear them all. It is not necessary 
to read the TRCSR once for each bit. 


6.5 Transmit Rate/Mode Control Register (RMCR) 
The RMCR (figure 6-4) controls the following for serial I/O: 

¢« Baud rate 

* Clock source 


¢ Data format 


¢ P29 function 


In addition, if the 9-bit asynchronous format is used, RMCR holds the ninth bit. All bits can be read, and 
all bits can be written to, except bit 7 (RD8). 
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7 6 5 4 3 2 1 0 





Figure 6-4. Transfer Rate/Mode Control Register 


6.5.1 Speed Select (SSO, SS1, SS2) 


SS0-SS2 control the baud rate used for the SCI. Table 6-1 lists the available baud rates. The timer 1 
FRC (SS2 = 0) and the timer 2 upcounter (SS2 = 1) provide the internal clock to the SCI. When SS2 is 
set, timer 2 functions as the baud rate generator. Timer 2 generates a baud rate dependent on TCONR 
as shown in table 6-2. Bits 0, 1, and 5. 


Table 6-1. SCI Bit Times and Transfer Rates 


Asynchronous 

XTAL 2.4576 MHz 4.0 MHz 4.9152 MHz 
SSO SS1 S$S2 E 614.4 kHz 1.0 MHz 1.2288 MHz 
0 0 0 E/16 26 t1s/38400 baud 16 yws/62500 baud 13 xs/76800 baud 
0 0 1 E/128 208 j1s/4800 baud 128 ys/7812.5 baud 104.2 1s/9600 baud 
0 1 0 E/1024 1.67 ms/600 baud 1.024 ms/976.6 baud 833.3 ms/1200 baud 
0 1 1 E/4096 6.67 ms/150 baud 4.096 ms/244.1 baud 3.333 ms/300 baud 
1 X X Note 1 Note 1 Note 1 
Note: 


1. When SS2 = 1, timer 2 is the SCI clock. The baud rate is as follows: 
Baud rate = f(32(TCONR +1)] 
Where: 
f = timer 2 input clock frequency 
TCONR = contents of timer constant register, 0-255 
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Table 6-1. SCI Bit Times and Transfer Rates (cont.) 


Clock Synchronous (Note 1) 























XTAL 4.0 MHz 6.0 MHz 8.0 MHz 
SS2 SS1 SSO E 1.0 MHz 1.5 MHz 2.0 MHz 
0 oO O° £2 2 us/bit 1.33 ps/bit | 1 us/bit 
0 0 1 E/16 16 ps/bit 10.7 ps/bit 8 ps/bit 
o 1 0 E/128 128 pshbit 85.3 us/bit 64 ps/bit 

Oo 1 1 E/512 512 pshbit 341 ps/bit 256 usi/bit 

1 X xX | Note 2 Note 2 Note 2 
Notes: 


1. Bit rates for internal clock operation. External clock can operate from DC to 1/2 system clock 
frequency. 
2. When SS2 is 1, timer 2 is the SCI clock. The bit rate is as follows: 
Bit rate (us/bit)= 4(TCONR + 1)/ 
Where: | 
f = timer 2 input clock frequency 
TCONR = contents of timer constant register, 0-255 


Table 6-2. Baud Rate and Time Constant Register Example 


XTAL Frequency | 
Baud Rate 2.4576 MHz 3.6864 MHz 4.0 MHz 4.9152 MHz 8.0 MHz 
110 (note 1) 21 32 35 43 ~— 70 
150 127 191 207 255 51 
300 63 95 103 127 207 
600 31 47 51 63 103 
1200 15 23 25 31 51 
2400 7 11 12 15 25 
4800 3 5 i 12 
9600 1 2 3 
19200 0 1 
38400 0 


‘Note: 
1. E/8is used as the clock for 110 baud, E is-used for all other baud rates. 
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6.5.2 Clock Control/Format Select (CCO, CC1, CC2) 


CCO, CC1, and CC2 control the clock source and data format (table 6-3). They are cleared during reset, 


so the MCU will be in clock synchronous mode with external clock. Therefore, P29 starts out as a clock 


input. To use P29 as an output port, set bit 2 of the port 2 DDR to 1 and set CC1 and CCO to 0, 1. Bits 2, 


3, and 4. 


Table 6-3. SCI Format and Clock Source Control 


CC2 CC1 CCO Format 


Mode Clock Source P25 
0 0 0 8-bitdata Clocksynchronous External Clock input 
0 0 1 8-bitdata Asynchronous Internal Not used 
0 1 0 8-bit data Asynchronous Internal Clock output (note 1) _ 
0 1 1 8-bitdata | Asynchronous External Clock input 
1 0 0 8-bitdata Clock synchronous _ Internal Clock output 
Table 6-3. SCI Format and Clock Source Control (continued) 
CC2 CC1 CCO Format Mode Clock Source P25 
1 0 1 9-bitdata | Asynchronous Internal Not used 
1 1 0 9-bitdata Asynchronous Internal Clock output (note 1) 
1 1 1 9-bit data Asynchronous External Clock input 
Note: 


1. Clock output regardless of bits TE and RE of TRCSR. 
6.5.3 Transmit Data Bit 8 (TD8) 


When the SCI transmits asynchronous 9-bit data, TD8 is the ninth bit. Write this bit first, then write the 
eight bits to the transmit data register. Bit 6. 


6.5.4 Receive Data Bit 8 (RD8) 


When the SCI receives asynchronous 9-bit data, RD8 stores the ninth bit. Read this bit first, then read 
the receive data register. Bit 7. 
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6.6 SCI Receiving Margin 
The receiving margin for the SCI is as follows. 


Allowable deviation of bit error (t - t0)A0 = +43.7% 
Allowable deviation of character error (T-TO)/TO = 44.37% 


T, TO, t, and tO are defined in figure 6-5. When a modem is used for communication, waveform distortion 


may exceed the allowable value, depending on the modem and channel. 














START 1 2 3 4 5 6 7 8 STOP 


Ideal Waveform ne ee ns es PO Ge 


Bit length ~ to 
Character length T, 
J 
T 







Real Waveform 


Figure 6-5. Bit and Character Error 


6.7 SCI Status Flags | 
Table 6-5 shows set and clear conditions of each status flag in the SCI. 


If flag set and clear conditions occur at the same time, the SCI flags will be cleared. 
Table 6-5. SCI Status Flags 


Flag Set Condition | Clear Condition —_ 
SCI RDRF -RDSR— RDR - Read TRCSR, then RDR- 
-RES = 0 


ORFF - Framing error (async mode). - Read TRCSR, then RDR ~ 
Stop bit = O -RES = 0 
- Overrun error (async mode). | 
RDSR — RDR when RDRF 
=4 


TDRE -TDR— TDSR (async mode) - Read TRCSR, then write to TDR 
- TDSR is empty (clock sync 
mode) 
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6.8 Precaution for clock-synchronous serial communication interface 


When transmitting through clock-synchronous serial communication interface, TE bit should 
not be cleared with TDRE of TRCSR ($11) is “0”. 


The TDRE set and clear conditions of SCI are shown as follows. 


Set Condition Clear Condition 
TDRE 1. TDR — transmit shift register When writing to TDR after TRCSR read, 
(asynchronous) with TDRE = 1, TDRE is cleared. 


2. Transmit shift register is empty. 
(clock-synchronous) 


—— 


3. RES = 0) 


If transmit data is written to TDR, and then TE bit is cleared with TDRE = 0 to stop 
transmitting, TDRE remains ‘‘0”’. 


In this case, even if TE bit is set and transmit data is written again, the TDR data is not 
transmitted. 


Please note that TE bit must be cleared after the last data has been transmitted. 


(This caution is not applied to asynchronous serial communication interface.) - 
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Section 7. HD63701X0O Programmable ROM (EPROM) 


The HD63701X0’s on-chip EPROM is programmed in the chip’s PROM mode. When MP9, MP4, 


and STBY are low (table 2-2), the HD63701X0 doesn’t operate as an MCU. It can be programmed 


by the same procedure as a standard 2732A EPROM. In the PROM mode, P39-P37 are the data 


bus, P19-P17 and P49-P43 are the address bus, and P57 is the CE input. See figures 7-1 and 7-2, 


table 7-1. 





Port 3 
8 Data Bus 


Port 1 
8 Address Bus 


Port 4 
4 Address Bus 


Vpp/OE Vg 


Figure 7-1. PROM Mode 


Table 7-1. Pin Conditions in PROM Mode 


Pin Name 
Voc 

Vss 
Vpp/OE 
CE 
P39-P37 


P19-P17 
P49-P43 


MP9, MP4, 
STBY 


Other pins 


Pin No. 


33 
1 
42 


24 
51-58 


43-50 
38-41 


4,5,7 


Programming Verification 
+5 V +5 V 
GND GND 
Vpp Low 
Low Low 
Data input Data output 
Address input Address input 
Low Low 
GND GND 
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PROM Inhibit 


+5 V 

GND 

Don't care 

High 

High impedance 


Don't care 


Low 


GND 
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VssO]1 0 64.7) 
| 2 63[] 
| }3 62{ 
GLj 4 61{_] 
GLJ5 60. _] 
|_| 6 591 J - 
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| 8 57, JEO, 
| }9 561] EO2 
10 55L_JEO3 
Sin 54, JEO4 
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| eee ee 
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Lj 18 ea ade 47|_JEA3 
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| _}20 45{_ JEAs 
21 44 JEA6 
| 22 43[_JEA7 
—_Lj23 421_} Vpp/OE 
CELJ24 41|_JEAs 
[425 40|_]EAg 
|_}26 39[_JEAi0 
L427 38f_ JEA14 
[| j28 371 | 
|_}29 361_] 
| 430 351] 
31 341] 
L_} 32 33f]Vcc 
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G: Ground (Vgg level) 


Figure 7-2. PROM Mode Pin Arrangement 


Table 7-2 shows the recommended combinations of PROM programmers and socket adapters for 
programming the HD63701X0. The socket adapter converts the pin assignment of the necessary 24 
pins to the same assignment as the standard EPROM. 


Table 7-2. PROM Programmers and Socket Adapters 


Programmer Socket Adapter 
Data /O 121A/121B, 22A/22B, Data /O HD63701X0 (for 29,A/29 B) 
29A/29B Hitachi H67PWA01A 


7.1 Programming and Verification 


When the CE pin is held low after the programming voltage (Vpp) is applied, data can be programmed in 
PROM one byte at a time through port 3. To verify the data, hold the Vpp/OE and CE pins low after 


programming, and the programmed data will be output from port 3. 


When CE is returned high, port 3 will be high impedance, and PROM programming/verification will be 
inhibited. 


Programming precautions: The PROM memory cells should be programmed under specific voltage and 
timing conditions. The higher the program voltage and the longer the program pulse is applied, the 


more electrons will be injected into the floating gate. However, if an overvoltage is applied to Vpp, the 


p-n junction may be permanently damaged. Pay particular attention to PROM programmer overshot. 
Negative voltage noise will cause a parasitic transistor effect, which may reduce breakdown voltage. 


The HD63701X0 is connected electrically to the PROM programmer through a socket adapter. 
Therefore, pay attention to the following: 


1. Confirm that the socket adapter is firmly fixed on the PROM programmer. 
2. Do not touch the socket adapter or the LSI during programming. Mis-programming can be caused 
by poor contacts. 
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7.2 Erasing (Window Package) 

The EPROM is erased by exposing the LSI to ultraviolet light. All erased bits are in 1’s. 

The conditions for erasing are: ultraviolet light with wavelength of 2537 A, and a minimum irradiation of 

15 W -s/cm2. These conditions are satisfied by exposing the LSI to an ultraviolet light rated at 12,000 
HWiem? for 15-20 minutes, at a distance of 1 inch. 

7.3 Characteristics and Applications 

7.3.1 Principles of Programming/Erasing 

The HD63701X0's memory cells are the same as an EPROM's. Therefore they are programmed by 
applying high voltage to control gates and drains, which injects hot electrons into the floating gate 
(figure 7-3).The condensed electrons in the floating gate are stable, surrounded by an energy barrier of 


SiOo film. Such a cell becomes a 0 bit due to the memory threshold Monege ee A cell with r no 


condensed electrons at its floating gate appears as a 1 bit. 


- Control gate Control gate 


Floating gate 


Floating gate — wy : oe 
S BOSOG Drain Drain 


The programmed cell (0) The erased cell (1) 





- Figure 7-3. Cross-Section of EPROM Memory Cell 
The electron charge in memory cells may decrease as time goes by. This can be caused by: 
1. Ultraviolet light, discharged by photo-emitting electrons (erasure principle) 


2. Heat, discharged by thermal emitting electrons _ 
3. High voltage, discharged by a high electric field at the control gate or drain 


If the oxide film covering a floating gate is defective, the erasure rate is great. Normally, electron erasure 
does not occur, because such defective devices are found and removed during testing. 
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7.3.2 Window-Type Package Precautions 


Glass Erasure Window: If the glass window comes in contact with plastic or anything with a static 
charge, the LSI may malfunction due to the electrostatic charge on the surface of the window. If this 
occurs, exposing the LSI to ultraviolet light for a few minutes neutralizes the charge, and restores the 
LSI to normal operation. However, charge stored in the floating gate decreases at the same time, so 
reprogramming is recommended. 


Electrostatic charge buildup on the window is a fundamental cause of malfunctions. Measures for its 
prevention are the same as those for preventing electrostatic breakdown: 


Operators should be grounded when handling equipment. 
Do not rub the glass window with plastics. 


Be careful of coolant sprays, which may contain a few ions. 


pen ee NS 


The ultraviolet shading label (which includes conductive material) effectively neutralizes charge. 
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Ultraviolet Shading Label: If the LSI is exposed to fluorescent light or sunlight, its memory 

contents may be erased by the small quantity of ultraviolet light in these sources. In strong light, the 
MCU may fail under the influence of photocurrent. To prevent these problems, it is recommended that 
the device be used with an ultraviolet shading label covering the erasure window after programming. 


Special labels are sold for this purpose. They contain metal to absorb ultraviolet light. When choosing a 
label, note the following: 


1. Adhesion (mechanical intensity)—Re-use and dust reduce adhesion. Peeling off a label may cause 
static electricity. Therefore, erasing and rewriting is recommended after peeling. Sticking a new 
label over the old one is better than replacing a label. 


2. Allowable temperature range—The allowable environmental temperature range of the label should 
be noted. If it is used under conditions outside this range, the paste may stiffen or adhere to the 
label, causing paste to remain on the window when the label is removed. 


3. Moisture resistance—The allowable moisture range and environmental conditions of the label 
should be noted. It is difficult to find a shade label applicable to all conditions. The proper label 
should be selected depending on the intended use of the MCU. 
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Section 8. Applications 


8.1 HD6301X0 or HD63701X0 in Expanded Mode 


Figure 8-1 shows a microcomputer system using all CMOS peripheral LSI’s as an application 


example of the HD6301X0 or HD63701 X0 in the expanded mode (modes 1,2). 


Ports 1 and 4 are used for address output, and port 3 is used for data I/O. The system is controlled by 
directly connecting RD and WR as memory control signals and R/W and E as peripheral controls. 


Address decoder 






CMOS ACIA 









CMOS PIA 





~ CS, ~ CS, 








HD6321 





HD6350 





Serial 
interface 


Address bus 





Data bus 
1/0 ,—-/0, D,—D, 
HM6264 HN27C64 HN613256 
8k byte of S-RAM 8k byte of EPROM 32k byte of Mask ROM 


Figure 8-1. All CMOS Microcomputer System 
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8.2 HD6301X0 or HD63701X0 in Single-Chip Mode 


Figure 8-2 shows a printer controller using the HD6301X0 or HD63701 XO in the single-chip mode 
(mode 3). 


The HD6301X0 or HD63701X0 controls a 16-dot printer using I/O lines as its ports. Data from the host is | 
transferred to the MCU through the serial interface or through a Centronics interface at port 3. 


interface __ atch ares < Head driver 
Serial interface 

Host 7 CR Motor driver 

computer | 


system 


LF Motor driver 
Panel 
switch 2: | | 
display Position detector 





Figure 8-2. Printer Controller 


8.3 Timer Applications 
8.3.1 Timer 1 


Timer 1 is a 16-bit programmable timer with the same architecture as the timer on the HD6301V1, but 
with an output compare register added. Timer 1 can perform the following four operations: 


Waveform generation or interval timing using output compare register 1 (OCR1) 
Waveform generation or interval timing using output compare register 2 (OCR2) 
Pulse width or pulse cycle measurement using the input capture register 


ge IN SE 


Interval timing with overflow interrupt | 
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Waveform Generation. The values of the output compare registers (OCR1, OCR2) are compared 
with the free-running counter (FRC) at every E cycle. When a match occurs, an output compare flag 


(OCF1, OCF2) is set. When an output enable bit (OE1E, OE2E) is set, the value of the output level bit 
(OLVL1, OLVL2) is output at port 2 (Tout1: P21, Tout2: P25). Figure 9-3 is a flowchart for OCR1 


waveform generation. 


START 


OE1E=1 Set P2, to timer output pin 
OLVL1=1 Set timer output, 1 to OLVL1 


Set O-interval-time B to OCR1 


Clear OCF1 and add 1-interval-time A to OCR1 


OCR1=OCR1+8 Clear OCF1 and add O-interval-time B to OCR1 
OLVL1=1 


Output Waveform (P2,). 
* Start 





Figure 8-3. OCR1 Waveform Generation 


Pulse Width Measurement. The input capture register (ICR) latches the free-running counter value 
at the transition of the external input signal, measuring the pulse width or cycle. Figure 8-4 is a 
flowchart of pulse width measurement. 
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. START 


Detect input rising edge 


Store the ICR to M,.and clear ICF 


aa ar eae Daliet Input falling edge | 


(M,)=ICR Store the ICR to M, and clear ICF 
A= (M,)— (M,) Pulse width A= (M,)— (M,) 


Input Waveform | | 
j-——- a 


Figure 8-4. ICR Pulse Width Measurement _ 





8.3.2 Timer 2 


_ The 8-bit reloadable timer provides such functions as an external event counter, interval timer, waveform 
-generator, and SCI baud rate generator. 


External Event Counter. Operate timer 2 as an external event counter by setting input clock select, 
CKSO and CKS1, to external clock and writing 1 into T2E. The timer 2 upcounter is incremented by the 
external clock's rising edge. Figure 9-5 shows the routine that generates an interrupt after N external 
events occur (where N is an integer between 1 and 256). 
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Interrupt routine 


Clear CMF 


INTERRUPT 
ROUTINE 


START 


CKS1= 1, CKSO= 1 
ECMI= 1 


TCONR=N-—1 


MAIN 
ROUTINE 






—-—-—— Write 0 into CMF. 





External clock input 


Interrupt enable 


-—---* Set TCONR 





— —-—- Timer 2 enable 








Input signal 





CMF 
Neng Generates CMI 
* Sets N—1 in the TCONR when the external event counter 
value which generates the interrupt is N. 





Figure 8-5. External Event Counter 


Square-Wave Generator. Timer 2 can generate a continuous square wave without software 


supervision. Figure 8-6 shows this routine. 


START 


CKS1=1, CKSO=1 Select input clock | Lf LL. 


TOS1=0, TOSO=1 | ----- set toggle output 


-— Non —t N = 
TCONR=N- 1 ~---- * Set TCONR * Set N—1 in the TCONR, when the half cycle 


of square waveform is N. 


--—--- Timer 2 enable 





Figure 8-6. Square-Wave Generator 
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8.4 SCI Applications 


8.4.1 Timer 2 Baud Rate Generator 


The SCI can use six kinds of clock source: timer 1's FRC (four kinds), timer 2, and an external clock. The 
timer 1 baud rate clocks are not adjustable, but timer 2 can provide any baud rate. Figure 8-7 


shows how time 2 can provide the baud rate. 


START 


CKS1 and CKS2 select E or E/8 according to the baud rate. 
Set CKS1,CKSO Value of n to TCONR is 
TCONR=N f 
T2E=1 | n= 


3 sift input clock frequency 
32x baud rate n: 0 to 255 


SS2=1 
Set CC2, CC1, Select timer 2 as a clock source. 
CCO Select transfer format. 


1Bit Time = __. [0 initialize the SCI, set TE and RE after more than 
Delay 1 bit cycle at the required baud rate. 
Set TE, RE 


Figure 8-7. Timer 2 as Baud Rate Generator 





8.4.2 Interface between HD6301X0/HD63701X0 and HD6305X0 : 
An HD6301X0/HD63701 X0 can interface to an HD6305X0 in the clock synchronous mode. This gives 
99 I/O lines, suitable for systems requiring many I/O lines. Figure 9-8 shows an example of this interface. 


Hand Shake Line 


HD6301 XO/ HD6305X0 
HD63701X0 





Figure 8-8. HD6301 X0/HD63701 X0 to HD6305X0 Interface 


Employing the clock synchronous mode enables the HD6301X0/HD63701X0 to interface easily to 
peripheral devices (A/D converter, real-time clock, etc) which use a clock synchronous interface, as well 
as to the HD6305xX0. | 
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8.4.3 I/O Expansion 


The SCI can be used inthe clock synchronous mode to supplement the available parallel /O ports. Use 
an external shift register to perform the serial-to-parallel conversion. Figure 8-9 shows this kind of 


I/O expansion. 


Output Data 


Q, @, Q, Q,Q, QA, Q Q, 
74LS377 G 
D,D, D, D, D, D; D, D, 


Qa, Q8 Qe QA Ae QF Ag A 


74LS164 
CK 


Output Ports 


Input Data 


H GF EDcCcBA 


Sik 74LS165 cLK INH 


K 


Input Ports 





Figure 8.9 I/O Expansion in Clock Synchronous Mode 


8.4.4 SCI Multiplexer 


Use an analog multiplexer as shown in figure 8-10 to use the SCI with both an asynchronous and a 
clock synchronous device, such as an HD6305X0 and an RS-232C. 
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HD14503 | 


Analog MPXer | MCU | 
HD6305X0 | 20k P2, | 
etc. 
: 
. P2, 
ie P2, 
Tx 
PORT PIN 





RS-232C 
etc. 
Figure 8-10. Multiplexed SCI 


8.5 Lowering Operating Current 


8.5.1 Lowering Operating Frequency 


The HD6301X0/HD6303X/HD63701 X0 operating current is approximately proportional to the operating 
frequency (figure 8-11). Therefore, if the system does not require a high-speed MCU, power can be 


reduced by lowering the operating frequency. 


Current consumption log (mA) 


Operating Frequency (MHz) 





Figure 8-11. Operating Frequency and Current (Typical) 
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8.5.2 Sleep Mode 


The SLP instruction puts the MCU into the sleep mode. In the sleep mode, current consumption is 
reduced to one-fourth to one-fifth of that in the operating state. When the CPU acknowledges an 
interrupt request, it cancels the sleep mode. The average power consumption can be reduced by 
putting the CPU in sleep mode whenever it doesn't actually execute any instructions, such as in 
interrupt wait state or polling. Figure 8-12 shows a routine which wakes the CPU up every 65 ms, 


using the overflow interrupt of the timer 1 FRC. 







START 


Lele alate Set the Timer 1 as the 65-ms interval 
timer using FRC overflow interrupt. 


Initialize Timer 1 


SSS Se Interrupt wait state. 


When the main routine processing time is 1 ms, 
average operating current Iog is 1.58mA (f= 1MHz). 


_ 15x 65+7%1 


MAIN ROUTINE 


FRC Clear 






loc 66 
= 1.58 [mA] (f= 1MHz) 


Figure 8-12. Low Power Consumption Using the Sleep Mode 


8.5.3 Standby Mode 


Bringing STBY (pin 7) low puts the MCU: into standby mode. In standby mode, the oscillator stops and 
the MCU goes into the reset state. The contents of RAM are maintained as long as Vcc is greater than 


or equal to 2 V. In standby mode, current consumption is reduced to a few nA. RAM can be maintained 
by battery. 


Bringing STBY high cancels standby mode. The MCU releases the reset state and starts oscillation. 
RES (pin 6) should be held low for at least the oscillation stabilization time (tro) after STBY high. Figure 
8-13 gives an example of a circuit that sets standby from software. Figure 8-14 shows the timing for 


this circuit, and figure 8-15 is an operating flowchart. 
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Standby mode cancel 


(External input) Rr-Cr > 20ms 





Figure 8-13. Standby Circuit Example 


PORT i a a aa ania 
Standby mode a Ly ae 
cancel : . | 
(External input) . | 

STBY | res il 


J 
RES 
1 
if 


| I 
Oscillation stability 


* PORT goes to the high-impedance state with STBY low, so it is pulled high by the pull-up resistor. 





Figure 8-14. Standby Timing 


Standby | 
Sequence. 


| Standby mode 

Execution cancel request 
finished 

STBY = High 


(20ms) 
RES = High 


Figure 8-15. Standby Circuit Flowchart 
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PORT = Low 


Standby mode 


456 


8.6 Memory Ready Application 


The memory ready function allows the MCU to access low-speed memories or low-speed devices. 


Figure 8-16 shows a circuit example, and figure 8-17 is its timing chart. 





4¢ (4 MHz) 


Address Bus 









4-Bit binary 
counter HD74LS161 
mask ROM 


gClear_A 
° 


Low-speed 





The HN61 256 is located 
in $4000 to $BFFF. 


Figure 8-16. Low-Speed Memory Access Circuit 





Figure 8-17, Memory Ready Bus Timing 
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8.7 Halt Application 


The halt function enables the MCU in the expanded mode to interface with a DMAC (HD6844) and 
execute DMA (figure 8-18). 


(7) 

pe | 

a o” 

2 F: 
DROH £ g 

a @ | a 

f (mi) 


ee pete ante mee ae ei 
(ee ee 
(+ 
amy ieee 
ba el 
os 


Memory Unit 


1/0 Device Controller 


HD6844 


TE 





Figure 8-18. One-Channel DMAC Interface Example 
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8.8 RD, WR Application 


RD and WR, as well as E and RW, can act as external interface signals. RD and WR allow the MCU to 
easily interface with the 80xx family peripherals as well as with the 6800 series. Figure 8-19 shows 


an example of an interface between the MCU and an 8255. 





Figure 8-19. HD6301X0/HD63701X0 and 8255 Interface 
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8.9 LCD-II Interface Application 


Figure 8-20 and 8-21 show examples of interfaces between an HD6301X0/HD63701X0 and a liquid 
crystal driver (LCD-II). The interface lines are TTL compatible. The HD6301 X0/HD63701 XO in the 
expanded mode in figure 8-20 interfaces with the LCD-II directly through the external bus lines. Port 3 
connects to the LCD-II data bus, R/W connects to R/W, Ag connects to RS, and the rest of the address 


bus is decoded and ANDed with E to connect with E on the LCD-II. 


The HD6301 X0/HD63701X0 in the single-chip mode in figure 8-21 interfaces with the LCD-II 
through the I/O port. The read/write operation should be performed with care for the timing of the 


LCD-Il E signal and others. 


COM,—COM,, 


Connecting 
to the liquid 
R/W crystal display 


RS LCD-II (HD44780) 


SEG ,—-SEG,, 
DB,—DB, 





Figure 8-20. LCD-Il Interface, Expanded Mode 


COM,—COM,, 


Connecting 
to the liquid 
crystal display 


LCD-II (HD44780) 


SEG ,—SEG,, 





Figure 8-21. LCD-II interface, Single-Chip Mode 
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8.10 Oscillation Circuit Board Design 


Keep the following rules in mind when designing the circuit to connect the crystal resonator with the 
XTAL and EXTAL pins (figures 8-22, 8-23). 


1. The crystal and load capacitors should be as close to the LSI as possible. External noise at the 
XTAL and EXFAL pins will disturb normal oscillation. 


2. Keep the lines from XTAL and E as far apart as possible. Avoid parallel wiring. Interference from E 
to XTAL will disturb normal oscillation. 


3. Do not allow signal or power lines to cross or run closely parallel to the oscillator lines (signals A, B, C 
in figure 8-22). They will disturb normal oscillation. Keep the resistance between XTAL and EXTAL 


pins and the next nearest pins greater than 10 MQ. 


Avoid these lines 


Signal C 


< 
@ 
Cc 
RS 
” 
{ 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
! 
| 





Figure 8-22. Oscillation Circuit Precautions 
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Appendix I. Electrical Characteristics 
l.1§ HD6301X0, HD63A01X0, HD63B01 XO Electrical Characteristics 


Absolute Maximum Ratings 


item Symbol Value Unit 

Supply voltage Vcc —0.3 to +7.0 V 

Input voltage Vin —0.3 to Vec+0.3 V 

Operating temperature Topr 0 to +70 °C 

Storage temperature Tstg —55 to +150 gO 
Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vj, Vour: Vss23 (Vin OF Vout) Vcc. 


Electrical Characteristics 


DC Characteristics 
(Vec=5.0 V + 10%, f=0.1 to 2.0 MHz, Vss=0 V, Ta=O to + 70°C, unless otherwise noted.) 





























Item Symbol Min Typ = Max Unit Test Condition 
Input high voltage RES, STBY, ViH Vcc—0.5 Vect0.3 V 
EXTAL Vcc X0.7 Vect+0.3 V 
Other inputs 2.0 Vect+0.3 V 
Input low voltage All other inputs Vit —0.3 0.8 V 
Input leakage current —- RES, Port5 Hin 1.0 uA Vin=0.5 to Vec—0.5 V 
NMI, STBY, MPo, MP; 
Three state Ports 1, 2, 3, 4, ltrs 1.0 uA Vin=0.5 to Voc—0.5 V 
leakage current 6, 7 
Output high voitage Vou 2.4 V loH= —200 vA 
Vcc —0.7 V loH=—10 uA 
Output low voltage VoL 0.4 V loL.=1.6mA 
Darlington drive Ports 2, 6 —lou 1.0 10.0 mA Vout=1.5 V 
current Salas fact 
Input capacitance All other inputs Cin 12.5 pF Vin=0 V, f=1 MHz, 
Ta=25C | 
Standby current Not operating IsTB 3.0 15.0 uA 
Current dissipation! IsLP 15 3.0 mA Sleeping (f=1 MHz?) 
23 45 mA Sleeping (f=1.5 MHz?) 
3.0 60 mA Sleeping (f=2 MHz?) 
loc 7.0 10.0 mA Operating (f=1 MHz?) 
10.5 15.0 mA Operating (f=1.5 MHz?) 
14.0 20.0 mA —_ Operating (f=2 MHz?) 
RAM standby voltage VRAM 2.0 V 
Notes: ——_ a 


1. Vin min=V_e-—1.0V, Vi, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=x MHz) =typ. value (f=1 MHz) xx 
max. value (f= x MHz) =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
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AC Characteristics 
(Vec=5.0 VV +10 %, f=0.1 to 2.0 MHz, Vss=0 V, Ta=O to +70 °C, unless otherwise noted.) 


Bus Timing 


HD6301X0 HD63A01X0 HD63B01X0 | 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit rest : 
Condition 

Cycle time teyc 1 10 0.666 10° 0.5 10 us Fig. |-1 
Enable rise time ter 25 25 25 ns 
Enable fall time , ter 25 25 25 ns 
Enable pulse width high level? PWeH 450 300 220 ns 
Enable pulse width low level! PWe_ 450 300 220 ns 
Address, R/W delay time! tap 250 190 160 ns 
Data delay time (Write) tppw 200 160 120 ns 
Data set-up time (Read) tosR 80 70 70 ns 
Address, R/W hold time taH 80 50 35 ns 
Data hold time (Write)! stu 80 50 40 ns 

(Read) tHR 0 0 0 ns 
RD, WR pulse width? PWrw 450 300 220 ns 
RD, WR delay time tRwD 40 40 40 ns 
RD, WR hold time tHRW 30 30 25 ns 
LIR delay time tpLrR i 200 160 120 ns 
LIR hold time tHLR 10 10 10 ns 
MR set-up time? tSMR 400 280 230 ns Fig. 1-2 
MR hold time? . - tHMR 90 40 0 ns 
E clock pulse width at MR PWemr 9 9 9. 4s 
Processor control set-up time tpcs 200 200 200 ns fae 
Processor control rise time tpcr 100 100 100 ns | i 
Processor control fall time tect 100 100 100 ns 
BA delay time tBa 250 190 160 ns Fig. 1-3 
Oscillator stabilization time tre 20 20 20 ms Fig. 1-12 
Reset pulse width PWrst 3 3 3 teyc 


Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when tcyc is minimum (=in 
the highest speed operation). 
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Peripheral Port Timing 





HD6301X0 HD63A01X0 HD63B01X0 
Item Symbol Min T Max Min T Max Min T Max Unit cas 
y ye uP Condition 
Peripheral data (Ports 2, 3 oe 3 
sebnpctime 5, 6) tppsu 200 200 200 ns Fig. 1-5 
Peripheral data (Ports 2, 3 
bald tine 5, 6) tPDH 200 200 200 ns 
Delay time (From 
enable faledgeto ‘Forts 23 4 300 300 300 ns Fig. I-6 
: 4, 6, 7) 
peripheral output) 
Timer, SCI Timing 
HD6301X0 HD63A01X0 HD63B01X0 
Symb ; : Test 
I 
tem ol Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 teyc Fig. I-9 
Delay time (enable positive Figs. |-7, 
transition to timer output) trop 400 400 208 mS 08 
SCI input (Async. mode) tscyc 1.0 1.0 1.0 teye Fig. 1-9 
clock cycle (Clock sync.) 2.0 2.0 2.0 teye Fig. 4 
SCI transmit data delay : 
time (Clock sync. mode) tTxD 200 200 200 ns Fig. 4 
SCI receive data set-up 
time (Clock sync. mode) 'SRX 290 290 290 us 
SCI receive data hold time 
(Clock sync. mode) tHRX 100 100 100 ne 
SCi input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 tscyc Fig. 1-9 
Timer 2 input clock cycle tteyc 2.0 : 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwtck 200 200 200 ns 
Timer 1 * 2, SCI input clock 
vige tine tCkKr 100 100 100 ns 
Timer 1 + 2, SCI input clock 
fall time tcKt 100 100 100 ns 
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MCU Mite 
Do—D7 


MCU Read 
Do—D7 





Figure |-1. Mode 1, Mode 2 Bus Timing 
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Figure |-2. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 


Synchronous Clock 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure l-4. SCI Clocked Synchronous Timing 
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MCU Read 


[~ MCU Write 


P20—P27 


P5o—P57 
PG0~P67 0. By 
nputs 
Plo—P17, P29—P27 2.4V 
P30—P37, P4o—P47 0.gv Data Valid 
P60—P67, P7o—P74 


(Outputs) 


P30—P37 
(Inputs) 





Figure I-5. Port Data Set-up and Hold Figure I-6. Port Data Delay Times 
Times (MCU Read) (MCU Write) 


2.4V 


: Output 
Timer 1 compare 

FRC 
trop 


.4V 


P21, P2. 5 
0.8V 


Outputs 





Figure I-7. Timer 1 Output Timing Figure |-8. Timer 2 Output Timing 


Vec 


Ri=2.2kQ 


Test Point 
1$2074@ 
or equiv. 


tckt 


C=9O0pF for Port 1, Port3, Port 4, E 


*Timer 2; ttcye °° Timer 1; tPWT 
SCI; tScyc Timer 2; tPWTCK _ =30pF for Port 2, Port 6, Port 7 
SCI; tPWSCK © R=12kQ for Port 1—Port 4, Port 6, Port 7, E 





Figure I-10. Bus Timing Test Loads 


Figure I-9. Timer 1-2, SCI Input Clock 
(TTL Load) 


Timing 
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Interrupt 


Test 
an ad 


Internal 
Address Bus CT xX. XK Oe KK KK KR KK 


: 2 z y x -g Vector Vector New 
Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 MSB_ LSB PC 


aL Tra. — Address Address+1 Address AddressAddress 
2. 3 . 


tecs 


Internal 


Data Bus ; 
- Op OperandirrelevantPCO— PC8- 1XO- IxX8-— ACCA ACCB CCR Vector Vector First Inst. of 


Code Op CodeData PC7 PC15§ 1x7 1X15 MSB_~ LSB _sésiInterrupt Routine 


Internal 
Read 


Internal 
Write 





Figure I-11. Interrupt Sequence 


jake lube esl 


————$________f 
-0. Vec— ja 5V 
STBY 


Vec-0.5V 
—_ ae 0.8V 


ES —5—___ ce ae es 


ae + INV TN 7X FX 
FFFF FFFF  FFFF 


FFFF FFFF FFFF FFFF FFFF FFFE FFFF New PC 


Reed ee... ¢- ae al a 

ea LR 

wee SMIJSII.. »»§_ = KN 
rite 


PC8— PCO- 


First 
PC15 PC7 Instruction 





Figure I-12. Reset Timing 
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1.2 HD6303X, HD63A03X, HD63B03X Electrical Characteristics 


Absolute Maximum Ratings 


item 


Input voltage 


Symbol 
Vcc 


Vin 


Value 


Supply voltage —0.3 to +7.0 


Unit 


—0.3'to Vec+0.3 


Operating temperature 


Storage temperature 


Note: 


Topr 


Tstg 


0 to +70 


—55 to +150 


°C 


This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vin, Vour: Vss (Vin OF Vout) SV ce. 


Electrical Characteristics 


DC Characteristics 


(Vec=5.0 V + 10%, f=0.1 to 2.0 MHz, Vss=0 V, Ta=O to +70°C, unless otherwise noted.) 


item 
Input high voltage 


RES, STBY 
EXTAL 
Other inputs 


Symbol 
Vin 


Unit 
V 
V 
V 


Test Condition 


~0.3 0.8 


Input low voitage 


Input leakage current 


Three state 
leakage current 


Output high voltage 


All other inputs 
RES, Port5 
NMI, STBY, MPo, MP1 


Ao-A15,Do-D7,RD 
WR,R/W,Ports 2,6 


Vit 
Hin 


IIrsi] 


VoH 


V 
BA 


LA 


< 


Vin=0.5 to Vec—0.5 V 


Vin=0.5 to Vec—0.5 V 


Output low voltage i 


VoL 


loH=— 200 vA 
loH=—10 nA 
lo.=1.6 mA 
Vout=1.5 V | 


1.0 10.0 


Darlington drive 
current 


Input capacitance 


Standby current 
Current dissipation! 


RAM standby voltage 
Notes : 


Ports 2, 6 


All other inputs 


Not operating 


—loH 


~ Cin 


IstB 
IsLP 


lec 


VRAM 


Min Typ Max 
Vec—0.5 Vec+0.3 
Vcc X0.7 Vect+0.3 
2.0 Vec+0.3 
1.0 
1.0 
2.4 
Vcc —0.7 
0.4 
12.5 
3.0 15.0 
1.5 3.0 
2.3 4.5 
3.0 6.0 
7.0 10.0 
~105 15.0 
140 20.0 
2.0 


1. Vin min=Vec—1.0V, Vir max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 


typ. value 
max. value 


470 


(f=x MHz) 
(f==x MHz) 


=typ. value (f=1 MHz) xx 
=max. value (f=1 MHz) xx 


(both the sleeping and operating) 
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mA 
pF 


wA 
mA 
mA 
mA 
mA 
mA 
mA 


Vin= OV, f=1 MHz 
Ta=25°C 


(f=1 MHz?) 
Sleeping (f=1.5 MHz?) 
Sleeping (f=2 MHz?) 
Operating (f=1 MHz?) 
Operating (f=1.5 MHz2) 
Operating (f=2 MHz?) 


Sleeping 


AC Characteristics 


(Vec=5.0 V +10 %, f=0.1 to 2.0 MHz, Vss=0 V, Ta=0 to +70 °C, unless otherwise noted.) 


Bus Timing 


HD6303X HD63A03X HD63B03X 
item Symbol Min Typ Max Min Typ Max Min Typ Max Unit Test F 
Condition 
Cycle time teyc 1 10 0.666 10 0.5 10 us Fig. 1-13 
Enable rise time ter 25 25 25 ns 
Enable fall time tef 25 25 25 ns 
Enable pulse width high level! PWen 450 300 220 ns 
Enable pulse width low level} PWe, 450 300 220 ns 
Address, R/W delay time! taD 250 190 160 ns 
Data delay time (Write) tppw 200 160 120 ns 
Data set-up time (Read) tosrR 70 70 70 ns 
Address, R/W hold time! taH 80 50 35 ns 
Data hold time (Write)? tty 80 50 40 ns 
(Read) tHR 0 0 0 ns 
RD, WR pulse width} PWrw 450 300 220 ns 
RD, WR delay time trwo 40 40 40 ns 
RD, WR hold time tHRW 30 30 25 ns 
UR delay time tpLR 200 160 120 ns 
LIR hold time tHLR 10 10 10 ns 
MR set-up time! tSMR 400 280 230 ns Fig. 1-14 
MR hold time! tHMR 90 40 0 ns 
E clock pulse width at MR PWemr 9 9 9 uS 
Processor control set-up time tpcs 200 200 200 ns te oe 
Processor control rise time tpcr 100 100 100 ns es ae 
Processor control fall time tPCt 100 100 100 ns 
BA delay time tBa 250 190 160 ns Fig. 1-15 
Oscillator stabilization time tre 20 20 20 ms Fig. 1-24 
Reset pulse width PWrst 3 3 3 teyc 





Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when teyc is minimum (=in 
the highest speed operation). 
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Peripheral Port Timing 


HD6303X HD63A03X HD63B03X 
item Symbol Min  T Max Min T Max Min T Max Unit |°** 
ora yP yP yP Condition 
Peripheral data (Ports 2, 5, . cae 
set-up time 6) tposu 200 200 . 200 ns Fig. 1-17 
Peripheral data (Ports 2, 5 
held time 6) tppH 200 . 200 200 ns 


Delay time (From 


enable fall edge to (Ports 2, 6) tpwp 300 300 300 ns Fig. 1-18 
peripheral output) 


Timer, SCI Timing 


HD6303X HD63A03X HD63B03X 

Symb : . , -_,. Test 
Item ol Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 teye Fig. 1-21 
Delay time (enable positive Figs. 1-19, 
transition to timer output) trop sie Reis cia M3 20 
SCI input (Async. mode) tscyc 1.0 1.0 1.0 teye Fig. 1-21 
clock cycle (Clock syne.) 2.0 2.0 2.0 teye Fig. +16 
SCI transmit data delay . ; 
time (Clock syne. mode) tTxD 200 200 200 ns Fig. 1-16 
SCI receive data set-up 
time (Clock sync. mode) 'SRX ake eck a8 ia 
SCI receive data hold time 
(Clock sync. mode) THRX m0 ; 100 100 . " 
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 tscye Fig. 1-21 
Timer 2 input clock cycle tteyc 2.0 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwtck 200 200 200 ns 
Timer 1 + 2, SCI input clock 
ree tithe tCkr 100 | 100 100 ns 
Timer 1 « 2, SCI input clock 
fall time tckt 100 | 100 100 ns 
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MCU Read 
Do—D7 





Figure I-13. Bus Timing 
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Figure I-14. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 


Synchronous Clock 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure I-16. SCl Clocked Synchronous Timing 
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MCU Read 


[ MCU Write 


P2o—P27 2.4V : 
P30—P37 : P6o—P67 0.gy Data Valid 
(Inputs) 
(Outputs) 





Figure I-17. Port Data Set-up and Figure I-18. Port Data Delay Times 
Hold Times (MCU Read) (MCU Write) 


2.4V 


Output 
Timer 1 ompare 
FRC 
ttoo 
P2,, P25 P26 


Outputs Output 





Figure I-19. Timer 1 Output Timing Figure |-20. Timer 2 Output Timing 


Vec 


Ri=2.2kQ 


Test Point 


1$2074@ 
or equiv. 


tcKf 


C=90pF for Do—D7, Ao—A15, E 
=30pF for Port 2, Port 6, RD, WR, R/W, BA, LIR 
R=12kQ 


*Timer 2; ttcyc **Timer 1; tPWT 
SCI ; tScyc Timer 2; tPWTCK 
Sci ; tPWSCK 





Figure I-21. Timer 1-2, SCI Input Clock Figure I-22. Bus Timing Test Loads 
Timing | (TTL Load) 
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Interrupt 


Test 
ee 


Internal 
Addiees Bus CT X.__X_X._X_ XX _X_ XK _ KK KX KKK 
Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SE-6:\cctoF yecior new 


NMi, IRQ, Address Address+ 1 Address AddressAddress 


IRQ2, IRO3 0.8V 
; tPecs 


Internal 


Data Bus : : 
Op OperandirrelevantPCO— PC8—- IXO- IX8- ACCA ACCB CCR Vector Vector First Inst. of 


Code Op CodeData PC7 PC15 1x7 IX15 MSB_~ LSB _sésiInterrupt Routine 


Internal 
Read 


Internal 
Write 





Figure 1-23. Interrupt Sequence 


Vec-0.5V 


Bus 
FFFF FFFF FFFF FFFF FFFE FFFF New PC FFFF FFFF  FFFF 


FFFF 


Internal 
me IIIIIL. -, t=<C~SSCK NN 


wee” AMMA) AIM JN, 
ow SAMMY 
s\n 
™ (TOM s—“_NSsN VS 
Dus IM AMM} ————)+{)— MW) 


PC15 pPC7 Instruction 


Figure I-24. Reset Timing 
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1.3 HD63701X0, HD637A01 XO, HD637B01 XO Electrical Characteristics 


Absolute Maximum Ratings 

















Item Symbol Value Unit 

Supply voltage Voc -—0.3 to +7.0 V 

Vpp voltage Vpp —0.3 - +22 V 

Input voltage Vin —0.3 to Vcc+0.3 V 

Operating temperature Topr Oto +70 °C 

Storage temperature Tstg =98:10: +125 °C 
Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vin, Vou! Vss% (Vin OF Vout) SVce. 


Electrical Characteristics 


DC Characteristics 
(Vecc=5.0 V + 10%, f=0.1 to 2.0 MHz, Vss=OV, Ta=—20 to +70°C, unless otherwise noted.) 





item Symbol Min Typ Max Unit Test Condition 
Input high voltage RES, STBY, MPo, MP1 Vin Vec—0.5 Vect+0.3 V 
EXTAL Vcc X0.7 Vect0.3 V 
P22(SCLK) 3 2.4 Vect0.3  V 
Other inputs 2.0 Vect+ 0.3 V 
Input low voltage All other inputs VIL —0.3 0.8 V 
Input leakage current — RES, Port 5 Hin] 1.0 uA ~~ Vin=0.5 to Voc—0.5 V 
NMI, STBY, MPo, MP1 
Three state Ports 1, 2, 3, 4, lItsi| 1.0 HA Vin=0.5 to Vcc—0.5 V 
leakage current 6, 7 
Output high voltage Vou 2.4 V loH=—200 vA 
Vcec—0.7 V loH=—10 vA 
Output low voitage Ports 2, 6 VoL 0.5 V loL=1.6 mA 
Other outputs 0.4 V 
Darlington drive Ports 2, 6 —loH 1.0 10.0 mA Vout=1.5 V 
current 
Input capacitance All inputs (except Vpp/OE) Cin 6.5 pF —s- Vin=0 V, f=1 MHz, 
Vpp/OE 12.5 pF Ta=25°C 
Standby current Not operating IstB 3.0 15.0 uA 
Current dissipation! Is-p 15 3.0 mA Sleeping (f=1 MHz?2) 
30 60 mA Sleeping (f=2MHz2) 
Icc 7.0 10.0 mA = Operating (f=1 MHz2) 
~-: 10.5 «15.0 ~~ mA Operating (f=1.5 MHz2) 
14.0 20.0 mA Operating (f=2 MHz2) 
RAM standby voltage VRAM 2.0 V 
Notes : 


1. Vin min=V.-—1.0V, Vi, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=xMHz) =typ. value (f=1 MHz) xx 
max. value (f=x MHz)  =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
3. Only serial clock use. 
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AC Characteristics 
(Vec™5.0 V +10%, f=0.1 to 2.0 MHz, Vss=0 V, Tam=—20 to +70 °C, unless otherwise noted.) 


Bus Timing 


HD63701Y0 HD637A01Y0 HD637B01Y0 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit pest ee 
| Condition 
Cycle time teyc 1 10 0.666 10 0.5 10 us Fig. 1-25 
Enable rise time ter 25 25 25 ns 
Enable fall time tet 25 25 25 ns 
Enable pulse width high level! PWeH 450 300 220 ns 
Enable pulse width low level! PWe_ 450 300 220 ns 
Address, R/W delay time} tap 250 | 190 160 ns 
Data delay time (Write) tppw 200 160 120 ns 
Data set-up time (Read) tose 80 70 70 ns 
Address, R/W hold time! taH 70 45 30 ns 
Data hold time (Write) 1 tw 70 50 35 ns 
(Read) tur 0 0 0 . ns 
RD, WR pulse width? PWaw 450 300 220 ns 
RD, WR delay time ~— trwo 40 40 40 ns 
RD, WR hold time tuRW 30 30 25 ns 
LIR delay time tDLR 200 160 120 ns 
LIR hold time © tHLr 30 30 | 25 ns 
MR set-up time! tsmMR 400 280 230 ns Fig. 1-26 
MR hold time? tHMR 90 40 0 ns 
E clock pulse width at MR PWemr 9 9 9 Bus 
Processor control set-up time tpcs 200 200 200 ns nestled 
; 1-35, 1-36 
Processor control rise time tpcr 100 : 100 100 ns me ia 
Processor control fall time tect 100 100 100 ns 
BA delay time tBa 250 190 160 ns Fig. 1-27 
Oscillator stabilization time trc 20 20 20 ms Fig. 1-36 
Reset pulse width PWrst 3 3 3 teyc 


Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when teyc is minimum (=in 
the highest speed operation). 
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Peripheral Port Timing 





HD63701X0 HD637A01X0 HD637B01X0 
Item symbol Min = T Max Min T Max Min T Max Unit 1° 
y yp yp yp Condition 
Peripheral data (Ports 2, 3 
t 200 200 200 ig. |-2 
set-up time 5, 6) eOsU ¢ ° NS. sree? 
Peripheral data (Ports 2, 3 
ciara 5 6) tPDH 200 200 200 ns 
Delay ti Fro 
Eley tune, Veron (Ports 1, 2, 3 ; 
enable fall edge to 4 6, 7) tpwp 300 300 300 ns Fig. t-30 
peripheral output) a; 
Timer, SCI Timing 
HD63701X0 HD637A01X0 HD637B01X0 
Symb . : . .. Test 
{tem ol Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 tcyc Fig. 1-33 
Delay time (enable positive Figs. 1-31 
400 
transition to timer output) trop ee sea ne 1-32 
SCI input (Async. mode) tscyc 1.0 1.0 1.0 teyc Fig. 1-33 
clock cycle (Clock sync.) 2.0 2.0 2.0 teye Fig. -28 
SCI transmit data delay 
t 200 200 200 ns Fig. 1-28 
time (Clock sync. mode) Mae : 
SCI receive data set-up 
t 290 2 
time (Clock sync. mode) oh a0 ? ae i 
SCI receive data hold time 
t 100 100 100 ns 
(Clock sync. mode) HEN 
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 tscyc Fig. I-33 
Timer 2 input clock cycle tteyc 2.0 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwtck 200 200 200 ns 
Ti 1 + 2, SCI input clock 
oe eee teKr 100 100 100 ns 
rise time 
Ti Ls. ; 
met 2, SCI input clock ee 100 100 100 ms 
fall time 
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MCU Read 
Do—D7 





Figure I-25. Mode 1, Mode 2 Bus Timing 
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Figure I-26. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 


Synchronous Clock 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure I-28. SCI Clocked Synchronous Timing 
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MCU Read 


[— MCU Write 


P20—P27 
P5o0—P57 


(Inputs) 


P1o—P17, P2o—P27 say 
P30—P37, P4o—P47 0. gy Data Valid 
P30—P37 P60—P67, P7o—P74 
(Input) 
(Outputs) 





Figure I-29. Port Data Set-up and Figure I-30. Port Data Delay Times 
Hold Times (MCU Read) 7 (MCU Write) 


2.4V 


Output 
Timer 1 ompare 
FRC Matched 


‘ tToo 
P2,, P2. 


Outputs 





Figure I-31. Timer 1 Output Timing Figure I-32. Timer 2 Output Timing 


Vcc 


Rr=2.2kQ 


Test Point 


1$2074@ 
or equiv. 


ee tcKf 


C=Q90pF for Port 1, Port 3, Port 4, E 


euimers eve, =30pF for Port 2, Port 6, Port 7 
SCl ; tScyc Timer 2; tPWTCK 
SCI > tPWSCK R=12k for Port 1—Port 4, Port 6, Port 7,E 





Figure I-33. Timer 1-2, SCI Input Clock Figure I-34. Bus Timing Test Loads 
Timing (TTL Load) 
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FFFF FFFF FFFF FFFF FFFF FFFE FFFF New PC 


Read 


Interrupt 


Test 
<-_P 


Internal 


Addioss Bus Cl) 2 Ge Get Sa? ae GE GE Gee Gee Gas Ge Se ae Ge 
. Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 Mee penee ne 

NMi, IRQ:, Address Address+1 pe tircas Acldicde Addie 

IRQ2, IRQ3 0.8V 


tecs 


Internal 
Data Bus 


Op OperandirrelevantPCO— PC8~- IXO- 1X8- ACCA ACCB CCR Vector Vector First Inst. of 


Code Op CodeData PC7 PC15— {x7 1X15 MSB- LSB _siInterrupt Routine 
Internal 


Read 


Internal 
Write 


Figure I-35. Interrupt Sequence 


eg 


“- Vec- sa 


0.8V 


Vec-0.5V 
er 


FFFF  FFFF FFFF 


Internal 


Write 





——_O.-)-O AIM s$@+_+—____ 


PC8— PCO— First 
PC15 PC7 Instruction 


Figure I-36. Reset Timing 
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Programming Electrical Characteristics 


DC Characteristics 
(Vec=5 V + 5%, Vep=21V+0.5V, Vss=O V, Ta=25°C + 5°C, unless otherwise notes.) 


Item Symbal Min Typ Max Unit Test Condition 
Input high voltage Vin 22 Vec+1.0 V 

Input low voltage Vit -0.1 —- 0.8 V 

Output high voltage Vou 20 = - V lonx=—200pA 
Output low voltage VoL a = 0.45 V loc +1.6mA 

Input leakage currént [tu | a - 10 vA = Vin=5.25V/0.4V 
Vpp voltage Vpp 20.5 21 21.5 mA 

Vpp current Ipp — _ 30 mA  Vpp=21V, CE=Viy 


AC Characteristics 
(Vec=5V+5%, Vep=12.5V+0.3V, Ta=25°C + 5°C, unless otherwise noted.) 


Item Symbol. Min Typ. Max Unit Test Condition 
Address set-up time tas 2 = a Us 

OE set-up time toes 2 — — us 

OE hold time togH 2 — — us 

Data set-up time tos 2 = = us 

Address hold time tay 0 _ _ ps 

Data hold time ton 2 = = us 

Output disable delay time tor 0 _ 130 ns 

Data Valid from CE tov — — 1 us CE=Vii, OF= Vi. 
CE pulse width tpw 45 50 55 ms 

OE pulse rise time tert 50 — — ns . 

Vpp recovery time tvr 2 = — ps 


Note: tpr is defined when output becomes open because output level can not be refered. 


Input Pulse level 0.8~2.2V 
Input rising/falling times 20ns 

st input : 1.0V, 2.0V ; 
Timing reference level boa  0.8V, 2.0V Program Program Verify 


a ere ee eee nae 


tos 


Data in Stable}) 
i 


a 


Figure I-37. PROM Programming/Verify Timing 
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Appendix Il. Instruction Execution Cycles 


ll.1 Instruction Execution Cycles 


By the pipeline control of the HD63701X0, MULT, PUL, DAA and XGDX instructions etc. prefetch the next 
instruction. So attention is necessary to the counting of the instruction cycles because it is different from the 


existent one -*""*: op-code fetch to the next instruction op-code. 
Mndeeevens © [Ove] OP" | Adiess aus | w/W | RO | WR | UR | Date Bus 
IMMEDIATE 


Op Code Address+1 1 Operand Data 
Op Code Address+ 2 Next Op Code 






Op Code Address+1 
Op Code Address+ 2 
Op Code Address +3 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


DIRECT 


Op Code Address+1 
Address of Operand 
Op Code Address+ 2 


Address of Operand (LSB) 
Operand Data 
Next Op Code 


pcre 


Destination Address 
Accumulator Data 
Next Op Code 


Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Jump Address (LSB) 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Immediate Data 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


Immediate Data 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


Op Code Address+1 
Destination Address 
Op Code Address+ 2 


Op Code Address+1 
Address of Operand 
Address of Operand+1 
Op Code Address+2 


Op Code Address+1 
Destination Address 
Destination Address+1 
Op Code Address+2 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Jump Address 


Op Code Address+1 
Op Code Address+2 
Address of Operand 

Op Code Address+3 


Op Code Address+1 
Op Code Address+2 
Address of Operand 

FFFF 

Address of Operand 

Op Code Address+3 


oooo|;orrroi|jorr oj jyoooororo 
SKS BS RB MBP OOF KH 1K OO Kf kK Re BER OF 





Omh WNP WN KIT OBWDND KE 


(continued) 
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aaa” bP] mem [ewe |e] ee 


INDEXED 













Op Code Address+ 1 
FFFF 


Offset 
Restart Address (LSB) 














— po 


Jump Address First Op Code of Jump 


Routine 
Offset 
Restart Address (LSB) 
Operand Data 
Next Op Code 





Op Code Address+1 
FFFF 

IX + Offset 

Op Code Address+2 




























Op Code Address+1 
FFFF 

IX+ Offset 

Op Code Address+ 2 


Op Code Address+1 
FFFF 

IX+ Offset 
IX+Offset+1 

Op Code Address+ 2 


Op Code Address+1 
FFFF 

IX+ Offset 
IX+Offset+1 

Op Code Address+2 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
IX+Offset 


Op Code Address+1 
FFFF 

IX + Offset 

FFFF 

IX+Offset 

Op Code Address+ 2 


Op Code Address+1 
Op Code Address+2 
FFFF 

IX+ Offset 

Op Code Address+3 


Op Code Address+1 
FFFF | 
IX+Offset 

IX + Offset 

Op Code Address+2 


Op Code Address+1 
Op Code Address+2 _ 
FFFF 

IX + Offset 

FFFF 

IX+ Offset 

Op Code Address+3 


Offset 
Restart Address (LSB) 
Accumulator Data 

Next Op Code 


Offset 
Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Offset 
Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Offset 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Offset 
Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


Immediate Data 
Offset 

Restart Address (LSB) 
Onerand Data 
Next Op Code 


Offset 
Restart Address (LSB) 
Operand Data 
00 

Next Op Code 


Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


- O- = RP ee ee 
aaa Wiese ee 





































0 KF RK RR RY RK Or rE ee 









































Or oro; ooroo;orroro;j;orrroao};orrror;joooro;jorrso 
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Macros" [Ove] "| aan oe | vw] mo | wR | Om | Date cue 


EXTEND 













Op Code Address+ 1 
Op Code Address+2 
Jump Address 


Op Code Address+1 
Op Code Address+2 
Address of Operand 

Op Code Address+3 


Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 



























Op Code Address+1 
Op Code Address+ 2 
Destination Address 
Op Code Address+3 


Op Code Address+1 
Op Code Address+ 2 
Address of Operand 

Address of Operand+1 
Op Code Address+3 


Op Code Address+1 
Op Code Address+2 
Destination Address 
Destination Address+1 
Op Code Address+3 


Op Code Address+1 
Op Code Address+ 2 
FFFF 

Stack Pointer 

Stack Pointer—1 
Jump Address 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address+3 


Op Code Address+1 
Op Code Address+ 2 
Address of Operand 
Address of Operand 
Op Code Address+3 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 


Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 

Next Op Code 





prone] we ee|ene 





































ADDD 
CPX LDD 
LDS LDX 
SUBD 


ee eee 






















































sine! eicncnock/ aumento kaainnond waste Racha anne 





(continued) 
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ABA 
ASL 
ASR 
CLC 
CLR 
COM 
DES 
INC 
INX 


ROR 
SBA 
SEI 

TAB 
TBA 
TST 
TXS 





“Gpcructons* [Ovees/ OP] astens ue | ee] ao | wm | OR | Oem ous 


IMPLIED 


ABX Op Code Address+1 1 Next Op Code 
ASLD 
CBA 
CLI | 
CLV 
DEC 
DEX 
INS 
LSR rat | | 
LSRD ROL 
NOP 
SEC | 
SEV 
TAP 
_ TPA 
TSX | | 





DAA XGDX 2 Op Code Address+1 1 0 i 0 Next Op Code 
FFFF 1 1 1 1 Restart Address (LSB) 
1 0 0 


PULA PULB 1 Op Code Address+1 1 
3 FFFF . 1 1 
Stack Pointer+1 1 1 
PSHA PSHB 













Next Op Code 
Restart Address (LSB) 
Data from Stack 





Op Code Address+1 
FFFF 

Stack Pointer 

Op Code Address+1 


Op Code Address +1 
FFFF 

Stack Pointer+1 
Stack Pointer+2 


Op Code Address+1 
FFFF 
Stack Pointer 


Next Op Code | 
Restart Address (LSB) 







Accumulator Data 
Next Op Code 


Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


Next Op Code 

Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 

First Op Code of Return Routine 


Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 


(continued) 











Stack Pointer—1 
Op Code Address +1 


Op Code Address+1 




















FFFF 
Stack Pointer+1 
Stack Pointer+ 2 
Return Address 


Op Code Address+1 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 















po 
eer ene 
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Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Stack Pointer—2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer—6 


Op Code Address+1 
FFFF 

Stack Pointer+1 
Stack Pointer+2 
Stack Pointer+3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer+ 7 
Return Address 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Stack Pointer—2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer—6 


Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 


Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator A 
Accumulator B 

Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine 












































SDV ANDNDAWNKIOWNAGTEWNHE 





WOON A ARP WN KH 





10 | Vector Address FFFA (MSB) 
Vector Address FFFB ee of SWI Routine 


Address of SWI Routine 


Op Code Address+1 
FFFF 


First Op Code of SWi Routine 


Next Op Code 
Restart Address (LSB) 





es a crohns Gialceuipicniens season 
- O10 oO CO FP RP RP RP EP rP RP RF OILIOOOOOOOCOKF O]RP RP BBP BP eH HO 






{ 
Restart Address (LSB) 
Next Op Code 






FFFF 
Op Code Address+1 


(continued) 
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RELATIVE 





Op Code Address+1 Branch Offset 
FFFF Restart Address (LSB) 


{ Branch Address:--Test = “1” First Op Code of Branch Routine 
Op Code Address +2---Test= “0” Next Op Code 


Op Code Address+1 : Offset 

FFFF Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer—1 Return Address (MSB) 
Branch Address First Op Code of Subroutine 
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Appendix Ill. Questions and Answers 


This appendix contains some frequently asked questions about the HD6301 X0, HD63701X0, and 
HD6303X. 


ill.1 Parallel Ports 
ll!.1.1 DDR and Data Register 


Question: Should the data or DDR (data direction register) be set first, when an I/O port functions as 
an output port? 


Answer: Output data should be stored in the data register first, then DDR should be set (DDR = 1). If 


DDR is Set first, unknown data will be output from the port. 
Supplement: DDR (data direction register) 
DDR programs I/O port as an input or output. 
DDR = 1: output 
DDR = 0: input 
DDR is initialized to 0 during reset. 


Il1.1.2 Port 7 Upper Bits 


Question: What is the state of the upper 3 bits in port 7 (5-bit output port) when reading port 7 in 
mode 3 (single chip mode)? 


Answer: The upper 3 bits in port 7 are all set to 1. Port 7 DDR can read the contents of the data 
register by using the bit manipulation instruction. 


Supplement: Ports 1 and 4 can also be read with bit manipulation instructions. 
IIl.1.3 SCLK/P25 Pin 


Question: How do you use the P29 (SCLK/P25 multiplexed pin) as an I/O port? 


Answer: To use the P2o as an I/O port, Set bit 1 in the port 2 DDR (data direction register), and CCO, 
CC1, and CC2 in the RMCR (rate/mode control register) as in table III-1. 
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Table Ill-1. P29 I/O Settings 


Bit Setting 

Bit 1 of port 2 DDR 0 (Input port) 
(Note1) 1 (Output port) 
CCO0 (Note 2) 1 

CC 0 

CC2 Oor1 

Notes: 


1. Bit 1 of the port 2 DDR selects the direction of 7 bits P24 - P27. 
2. During reset, CCO, CC1 and CC2 are cleared to 0 and the P29 functions as SCLK pin. 


Supplement: The CCO, CC1, and CC2 (clock control format select) program the SCI data format and 
the SCI clock direction. 

The DDR (data direction register) programs the direction of the I/O port. 

DDR = 0: Input 

DDR = 1: Output 


11.1.4 P53/HALT Pin 


Question: How can P53 (P53/HALT multiplexed pin) be used as an input-only port in expanded 


mode (modes 1 and 2)? 


Answer: In expanded mode, P53 functions as HALT pin with HLTE bit = 1 during reset. To use P53 
as an input port, hold it high until 0 is written in the HLTE after reset, inhibiting HALT input. 


Il1.2 Serial Port 
11.2.1 RDORF in Wake-Up Mode 


Question: When using the SCI in the asynchronous mode with the receive enable bit (RE) of the 
transmit/receive control status register (TRCSR) = 1 and wake-up bit (WU) = 1, what is the state of the 
receive data register full bit (RDRF)? 


(ne: Ae ee See See ae, 0 
TRCSR = LRORF} ORFE| TORE | RIE | RE | Tle | Te | wu_| 
0 1 1 





Figure Ill-1. Transmit/Receive Control Status Register in Wake-Up Mode 
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Answer: When the wake-up flag is set (WU = 1), the RDRF flag is not set (RDRF = 0). 
11.2.2 SCLK Direction and DDR 


Question: When using the P2o (SCLK/bit 2 of I/O port 2) as the SCI clock I/O, is the clock direction 


determined by CCO, CC1 and CC2 (clock control/form select) in the RMCR (rate/mode control register) 
regardless of bit 2 of the port 2 DDR? 


Answer: Yes, it is determined by CCO, CC1 and CC2 independently of the port 2 DDR. When used as 

an I/O port, its I/O direction is determined by bit 2 of the port 2 DDR. In this case, CCO, CC1 and CC2 
should be set to a mode where P25 is not used as SCI clock (CCO, CC1, and CC2 set to 101, or 100). 
CCO, CC1, and CC2 are cleared to 0 at reset (table III-2). 


Table IIIl-2. P29 Direction 


P25 SCLK 
Port 2 DDR Input or output No effect 
CCO 1 | CCO, CC1, CC2 determine 
CC1 0 Clock form, direction 
CC2 Oor1 


Supplement: The CCO, CC1, and CC2 (clock control format select) program the SCI data format and 
the SCI clock direction. 
The DDR (data direction register) programs the direction of the I/O port. 

DDR = 0: Input 

DDR = 1: Output 


11.2.3 Receive Sampling Clock 


Question: What is the relation between the receive data sampling clock at the SCI receive, and the 
data transfer rate? 


Answer: The sampling clock is sixteen times as fast as the transfer rate. 
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11.2.4 Sampling Error 


Question: What does "sampling error" mean? 


Answer: "Sampling error" means receive margin in SCI operation. The HD63701X0 detects a start bit 
at the negative edge of the sampling clock, and samples the start bit and data bit at the positive edge of 
the sampling clock. 


The general equation of the receive margin is shown as follows (figure III.2). 
M = {(0.5 - 1/2N) - (D - 0.5)/N - (L - 0.5)F} x100 (%) 


M: Receive margin 

N: Baud rate ratio to sampling clock 

D: Duty of the longer sampling clock of high and low (0.5 - 1) 
L: Frame Length (7 - 12) | 
F: Absolute value of deviation of sampling clock frequency 


An abbreviated version is: 


= (0.5 - 1/2N) x 100 (%) (Condition: D = 0.5, F = 0) 


43.75 46.875 48.4375 49.21 875 HD63701 XO: 
oa N=16 


46.875% 
! 
50% 


! 
I 
| | | 46.875% 
y 1 | 
J 
! ‘ 


1/2N 
1/N Start Bit 0.5 


Start bit activates Start bit sampling 





Figure IIl-2. Sampling Error 
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Hll.3 Timer/Counter 


11.3.1 Reading the FRC 


Question: When you read the free-running counter (FRC) of the timer 1 by a double-byte load 
instruction, is the read value correct? 


Answer: It is correct. In the first cycle, the high byte of the FRC is read, when the low byte is setina 
temporary register. At the next cycle, the data stored in the temporary register is read (figure III-3). 


; high byte read , low byte read 
' 


Temporary 
register 


Read data 


Accumulator D , 
F7 | FF 
(When reading $F7FF from the FRC) Eras 





Figure Ill-3. FRC Double-Byte Read 
Supplement: To read the timer FRC correctly, use double-byte load instructions (LDD,LDX). 
l1.3.2 Reading the FRC in the HD6801V 


Question: How is FRC writing in the HD6301X0, HD6303X, and HD63701X0 different from the 
HD6801V? 


Answer: The difference is shown in table III-3. 


Table IIl-38. HD6301X0/HD6303X/HD63701X0 and HD6801V Write Differences 


Type How to Write (Preset) 
HD6801V The FRC is always preset to $FFF8. 
HD6301X0, HD6303X, Writing to the high byte presets the FRC to $FFF8. 


HD63701X0 Data is always set in the FRC by a double-byte store instruction. 


See figure Ill-4 for an example. 
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(1) The HD6801V preset method 


| . i : 
$09Write | SOAWrite | LDD #$5AF3 


| ($5A) !' ($F3) =! "——~ STD $09 


t t 
| 1 I 
| S$FFF8 1 $FFFQ ! $FFFA 


The FRC is always preset to $FFF8. 


= 
(2) The HD6301 XO/HD6303X/HD63701 XO preset method ($5FA3) 


$FFF8 
; S$09Write 


LDD #$5AF3 
| ($5A)_ ! STAA $09 


Ff we bt Le 


' 
l I 
SFFF8 | $FFFQ | 


| 
| 
$FFFA | — 


} 
1 
FRC 


Writing to the high byte $09 the FRC to SFFF8. 
Optional value (In this case $5AF3) 


| $09Write | $OAWrite | 
| (5A) | (SF3) ! LDD #$5AF3 


ee ee ee ee ee ee 


1 I 
I I 1 t 
| SFFF8 . $5AF3 | S$5AF4 —_ 


A double-byte store instruction presets the FRC to optional ($5AF3) value 





Figure IIIl-4. FRC Writing for HD6301X0/HD6303X/HD63701X0 and HD6801V 
11.3.3 ECMI Interrupt 


Question: Timer 2 is used by writing 0 to enable counter match interrupt (ECMI) of the timer 
control/status register 3 (TCSR3). When a counter match flag (CMF) of TCSR3 becomes 1, 1 is written 
to ECMI. Does this generate an interrupt? 


Answer: Yes. When the time constant register (TCONR) matches the timer 2 counter, the CMF is set 
to 1 and kept at 1 unless 0 is written in by software. An interrupt will occur if ECMI = 1 after CMF = 1. 


Supplement: A timer 2 interrupt is generated with CMF = 1 and ECMI = 1. 
ECMI defines internal interrupt (IRQ3) enable/disable. 

ECMI = 0: disable 

ECMI = 1: enable 


lil.3.4 SCI and Writing to Timers 
Question: When the SCI is operating, can data be written into the timer 1 FRC or timer 2 T2CNT? 
Answer: If the SCI is using an external clock, the timer 1 FRC and the timer 2 T2CNT can be written 
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into. In the case of an internal clock, either the FRC or the T2CNT is used as a Clock-source counter 
(note 1). No clock-source counter can be written to. Note that there are some restrictions, as follows: 


1. External clock operation 
a. Timer 1 FRC can be written to 
b. Timer 2 T2CNT can be written to 
2. Internal clock operation 
a. Using timer 1 FRC as an internal clock 
- Don't write to the timer 1 FRC during SCI operation. 
- Timer 2 T2CNT can be written to. 
b. Using timer 2 T2CNT as an internal clock 
- The timer 1 FRC can be written to, except when input clock to T2CNT is E/8 or E/128. E/8, 
E/128 come from the timer 1 FRC. If these clocks are selected as T2CNT input clocks, writing to 
the FRC will delay them. 
- Don't write to timer 2 T2CNT during SCI operation. 


Supplement: When an internal clock is operating the SCI, writing to the clock-source counter will 
delay the SCI transfer rate. 


ili.4 Bus Interface 
ll!.4.1 E and Memory Ready 
Question: What is the internal E clock state when the CPU uses the memory ready function? 


Answer: Internal E clock operates at normal frequency (figure III-5). Since the timer count and the SCI 
transfer rate are set by the internal E clock, they are not also affected by the memory ready function. 


Sasa eS ee ee La 


External E —_f LJ LJ LF Execute memory reaay function 


age 
(Memory ready signal) 





Figure III-5. Internal and External E Clocks 


Supplement: It is impossible to examine the internal E clock from an external pin when using the 


memory ready function. 
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ll!1.4.2 Memory Ready and Halt After Reset 
Question: After reset, are memory ready and halt functions enabled or disabled? 
Answer: Both are enabled. MR and HALT in three operating modes is shown in table III-4. 


Table Ill-4. Operating Modes 


Operating Mode Memory Ready Halt 
Expanded mode 1 Enabled (note) Enabled — 
2 Enabled (note) | Enabled 


Single-chip mode No memory ready function No halt function 


Note: Invalid when accessing internal address space 


Supplement: In the expanded mode (modes 1, 2), the memory ready bit (MRE) and halt enable bit 
(HLTE) of the RAM/port 5 control register are set to 1 during reset, enabling memory ready and halt 


functions. 
11.4.3 Buses at Internal Address Access 


Question: When you access internal memory space, what states are the address buses, data buses, 


and control lines in? 


Answer: Address buses and control lines (RD, WR, R/W) are always output regardless of internal or 
external address space accessing. During writes to the internal address space, the same data is output 
from the data bus. During reads, the data buses become high impedance. | | 


111.4.4 External Access to Register Addresses 
Question: When using external memory at the addresses shown below in expanded modes (modes 


1, 2), some addresses overlap internal registers and RAM addresses (figure III-6). In such a case, are 


there any problems? 
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Internal Memory Map External Memory Map 


Internal 
register 


Internal’ 
RAM 


ROM Yi _ BEBE = overlapped address space 


(mode 2) 





Figure IIl-6. Overlapping Addresses 
Answer: There are no problems, but the overlapped addresses in the external memory space should 
not be used. When writing to the overlapping addresses, the same data is written into the internal and 


external address space. When reading, data is read from the internal, and the external address data is 
ignored . 


Supplement: If the RAM enable bit (RAME) of the RAM/port 5 control register is 0, a read/write 
from/to the internal RAM space is invalid, and both operations are executed to the overlapped external 
address space. 


11.4.5 Buses During WAI | 


Question: What states are address buses, data buses, and control lines in after WAI instruction 
execution? 


Answer: They are as in table Ill-5. 


Table Ill-5. WAI State 


Line State 

Address bus FFFF (High) 
Data bus High impedance 
R/W High 

RD High 

WR High 
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1.5 Interrupt Control 


11.5.1 1RQ4 During Standby 


Question: When the CPU is returning from standby mode (RES = low, STBY = low) with IRQ1 low, can > 
the interrupt be accepted if IRQ low continues after return? 


Answer: It cannot. Interrupts can be accepted when IRQ1E = 1 and|=0. After the CPU returns from 
standby, ithas IRQ1E =0and!=1. To accept the interrupt, the software should make IRQ1E = 1,1=0 
after resetting. 


Supplement: IRQ1E is the IRQ 1 interrupt enable bit of the RAM/port 5 control register. When IRQ1E 


= 1, P59 can be used as an interrupt pin. lis the interrupt mask bit. When | = 0, the CPU accepts 


interrupts. 


11.5.2 Trap Interrupt 


Question: How does the trap interrupt differ from other interrupts (NMI, IRQ1, IRQ2 and IRQ3)? 
Answer: The differences are: 


¢ Return address (figure III-7) 


¢ Interrupt sequence (figure III-8) 


G) NMI, 1RQ,, IRQ, and IRQ, (2) Trap interrupt 
Main routine Main routine 
Interrupt routine Interrupt routine 
(NMI, IRQ,, IRQ, IRQ.) (Trap interrupt) 


*1: Return address =4PC+ 1 *1: Return address = EG 





Figure IIl-7. Return Address 


© HITACHI 
500 


I 
ne re “2.0! 

Oi GD C08 GOR COR 9 Cae) Sie Sued Saat) Cae 
t 


Address Bus r= Interrupt sequences are different ("3) 


(2) Trap interrupt 


Address Bus ( €oe €or €or YO", ( sp) 


*2: @) = Op code address, @) = Op code address + 1, @) = “FFFF” 
*3: Trap interrupt has one more (8) cycle (“FFFF”). 





Figure III-8. Interrupt Sequence 


111.5.3 LIR During Interrupt 
Question: What is the output state of the load instruction register (LIR) bit in the interrupt sequence? 
Answer: The output state of LIR is low in the following cycles: 


1. Prefetch cycle of the last instruction cycle opcode just before interrupt sequence 
2. Fetch cycle of the first opcode of the interrupt routine 


The output state of LIR in the interrupt sequence is shown below. 


1. Last instruction execution cycle just before the interrupt sequence (figure III-9). 


| a | b | 
aa ed Ld Le ed kel LL. 


! 
Instruction execute cycle —*+~— interrupt sequence 


Op Code Operand Irrele- PCO—PC7 PC8— 
Op Code vant Data PC15 


IXO—IX7 





Figure Ill-9. Last Cycle Before Interrupt 


a. LIR output is low at the last instruction execution cycle just before interrupt Sequence is opcode 
prefetch. 


b. The first cycle of the interrupt sequence (2 in the above figure) is a dummy fetch cycle. In this cycle, 
there are two cases; an operand is on the data bus, or an opcode is on the bus. In both cases, LIR 
output is low. 
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<. First opcode fetch cycle in the interrupt routine (figure III-10). 


Interrupt Sequence —-— Interrupt routine 


. CCR Vector Vector First 


MSB LSB Op Code 
aac! a is 


Figure Ill-10. First Cycle in Interrupt 





IR output is low when the first opcode of the interrupt routine is fetched. 


Supplement: Load instruction register (LIR) low shows that instruction opcode is on the data bus. 
111.6 Oscillation Circuit 


11.6.1 E Clock Triggering 
Question: With which edge of the EXTAL clock does the E clock change, the rising or falling edge? 


Answer: It changes synchronously with the falling edge (figure III-11). 


EXTAL 


Figure Ill-11. E Clock Timing 


lll.7 Reset 
1I7.1 Ports at Reset 
Question: What is the state of each port at reset? 


Answer: It is as shown in table III-6. 
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Table Ill-6. Port State at Reset 








Port Mode’ Reset 
1 (Ag-A7) 1,2 High 
3 High impedance 
2 1,2 High impedance 
3 High impedance 
3 (Do-D7) 1,2 High impedance 
3 High impedance 
4 (Ag-A15) 1,2 High 
3 High impedance 
5 1,2 High impedance 
3 High impedance 
6 1,2 High impedance 
3 High impedance 
T 1,2 Note 1 
3 High impedance 
Note : 


1. RD, WR, R/W, LIR = high; BA = low 
Supplement: E clock at reset is output at normal frequency after oscillation stabilization time. 
ill.7.2 /O Port Output After Reset 
Question: What data does an I/O port output when the data direction register (DDR) = 1 after reset? 


Answer: After reset, undefined data is output from the I/O port , since the data register of an I/O port is 
undefined. For the output state, put data in the data register before setting the DDR = 1. | 
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1.7.3 RES Schmitt Trigger 
Question: Is a Schmitt trigger circuit provided with RES? 


Answer: Yes (figure III-12). 


RES pin Internal reset signal 


internal 





Figure Ill-12. Reset Circuit 


ll1.7.4 Reset Circuit Capacitance 


Question: Does Cr in the reset circuit shown in figure III-13 (Rr x Cr > 20 ms), have an upper limit? 


Release Standby 


mode | ub Rr-Cr> 20ms 
(External input) 





Figure III-13. Reset Input Circuit 


Answer: No, because RES is provided with a Schmitt trigger circuit (figure IIl-12). 
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111.8 Low Power Dissipation Mode 


11.8.1 Standby During Instruction Execution 


Question: Does the CPU wait until the current instruction is executed to enter the standby mode? 


Answer: No. The CPU enters standby mode regardless of the current instruction; the CPU goes into 


reset condition and the oscillator stops with STBY low (figure Ill-14). 











| 
t+ Oscillator Stop Internal reset 


ee a ae ee 


| 
STBY | 


Figure II!-14. E During Standby 






1.8.2 Standby Timing 


Question: The timing for the standby mode is shown in figure III-15 (see also figure 3-5). Is T1 in the 
figure defined? 


aa [7 
rn | rT 


Time 


| 
Tl | | Oscillator 
| / Stabilization 


Standby Mode 


© Register Save 
© RAM/Port 5 Control Register Set eee 


Restart 





Figure Ill-15. Standby Mode Timing 


Answer: It is not, but if the time for nonmaskable interrupt (NMI) is guaranteed, either RES or STBY 
can go low with no priority. 


Supplement: The CPU goes to the standby mode independently of instruction execution 
sequence. Use the NMI routine before entering standby mode. 
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ill.8.3 Ports at Standby 


Question: What is the state of each I/O port during standby? 


Answer: Each I/O port and E pin during standby is high impedance. 


11.8.4 Return from Standby Without Reset 
Question: What occurs when the CPU returns from the standby mode without using reset start? 


Answer: The CPU does not operate normally because the contents of each register are not defined. 
Therefore, always use the reset start when returning from the standby mode. 


I11.8.5 Sleep and.Standby Internal States 
Question: What are the internal states in the sleep or standby mode? 
Answer: They are as shown in table Ill-7. 


Table Ill-7. Sleep and Standby Mode States 


Sleep Mode Standby Mode 
Oscillation circuit Continues | Stops 
CPU (register) Stops (retained) Stops (undefined) 
RAM Retained Retained 
/O Retained High impedance 
Timer Continues Stops 
Serial communications Continues Stops 
Internal registers Retained Reset 
Cancel Interrupt Reset start after STBY = high 
STBY = low 
Reset start 


Supplement: Internal states in the standby mode are the same as those in reset start. Use the reset 
start when returning from the standby mode. In this case RES should be kept low from STBY = high 
during oscillation stabilization time (20 ms minimum). 


s 
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11.9 Software 
11.9.1 Bit Manipulation Instructions 


Question: How should the bit manipulation instructions of the HD6301X0, HD6303X, and 
HD63701 XO be written? 


Answer: They are written as shown in figure III-16. 


OIM #$04, $10 (Direct Addressing) 
OIM #$04, $10,X (Index Addressing) 


fy aN 


Immediate Data Address _ Index Register 





Figure IIl-16. OIM Example 


This is an example of OR operation between the immediate data and the memory which stores the result in 


the memory. The AIM, EIM, and TIM instructions are written in the same way. 


The bit manipulations in table IIl-8 have different mnemonics with the same opcode. 


Table IIl-8. Shared Opcodes 


Bit Manipulation Instructions Having th m 
Instruction Mnemonic Function 
AIM BCLR 0 AND Mi 


The memory bit i (i = 0 to 7) is cleared and the other 
bits don't change 


OIM | BSET 1 OR Mi 
The memory bit i (i = 0 to 7) is set and the other bits 
don't change 


EIM BTGL Mi EOR Mi 
The memory bit i (i = 0 to 7) is inverted and the other 
bits don't change 

TIM BTST 1 AND Mi 


AND operation test of the memory bit i (i = 0 to 7) and 
1 is executed and its corresponding condition code 
is changed. 


The mnemonics mentioned above can be written as in figure III-17. 


BCLR 3,910 (Direct Addressing) 
BCLR ~~ _3,$10,X (Index Addressing) 


BSET 3,310 SSS ; (Direct Addressing) 


BSET 3,$10,X (Index Addressing) 


Bit Address Index Register 





Figure Ill-17. Shared Opcode Instruction Format 
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111.10 Others 
1.10.1 RAME Disabled 


Question: When executing a program with the RAM enable bit (RAME) of the RAM/port 5 control 
register disabled (RAME = 0), | 


1. What occurs if the internal RAM address is accessed? 
2. What occurs if interrupt requests are generated? 


Answer: 
1. The internal RAM cannot be accessed. It is neither readable nor writable with RAME = 0, so in mode 


1 or 2, the external memory is read/written into. 


2. Interrupts are accepted, but the CPU will burst when returning from the interrupt with no stacking 
area other than the internal RAM. 


Supplement: 
1. RAME = 0; internal RAM is invalid. In modes 1 or 2, data can be read from the external memory. 


2. RAME = 1; internal RAM is enabled. 
111.10.2 RAME at Reset | 
Question: Is the RAM enable bit (RAME) set to 1 on reset at RES low or the rising edge of RES? 


Answer: It is set at the rising edge of RES (figure IlI-18). 


RES ee eee 
Internal RAM ——+—~ Internal RAM 


Disable Enable 
(RAME= 0) (RAME= 1) 





Figure III-18. RAME at Reset 


Supplement: RAME is set/cleared by the software. 


1. RAME = 0; Internal RAM is invalid. In mode 1 or 2, data can be read from the external memory. 
2. RAME = 1; Internal RAM is enabled. 
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Appendix IV. The Differences Between HD63701XO and 


HD6301 XO 


IV.1 The Differences Between HD63701X0 and HD6301 XO 


item 


Vpp/OE pin 
function 


Input 
capacitance 


Input high 
voltage of 
MPo, MP4 


Bus Timing 

- Address, 
R/W, hold 
timing 

- Data hold 
timing 

Crystal 

oscillator 

characteristics 


Storage 
temperature 


Caution 


HD63701 XO 


Vpp/OE 

MCU mode; Connected to Vss voltage 
PROM mode; Input for the 
programming voltage 


Vpp/OE 
All other inputs 


25pF max 
12.5pF max 


ViH = Vss — 0.5V min 





HD63701X0 |HD637A01X0 |HD637B01 X0 
mp7 | «5 | 2 
uwl7o | 60 | 38 





-- 





Unit: ns 


Internal resistance of crystal oscillator 


Rs 


Frequency Wwra) [25 [40 [60 [eo 
[As maxim) [500 [120 | 60 | 60 | 


HD6301 XO 


Vss 
Connected to Vss Voltage 


All inputs 12.5pF max 


Vi = 2.0V min 






|_| HD6301X0_| HD63A01X0 | HD63B01X0 
es ee 






HW 
Unit: ns 


Internal resistance of crystal oscillator 


Rs 
Rs = 602 max 


Tstg = —55 to 150°C 


The HD63701XO0 differs from HD6301 XO in chip design and manufacturing 
process. When applying the HD63701X0 system to HD6301 XO, and 
HD6301 X0 system to HD63701X0, note that characteristic values are not 
exactly the same even if guaranteed values are the same. 
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Appendix V. Program Development Procedure and 
Support System | 


V.1 Overview 


The cross assembler and the hardware emulator using various types of computer are prepared by 
~ the company as supporting systems to develop user’s programs. User’s programs are mask 
programmed into the ROM and delivered as the LSI by the company. 


Figure V-1 shows the typical program design procedure and Table V-1 shows the system 
development support tool for HD6301X0 and HD6303X which are used in these processes. 


Start 


Allocation of 


RAM and 1/0 Text Editor/CRT Editor 


Host Computer 


Artwork Source Tape 


Assemble Host Computer 
List Assemble 
Pattern Generator 


Tape 


Mask 


EPROM <> 
4 Object Program 


Production Roe 


Trial 


° 
Ne SK 


Hardware 
Emulator EPROM 


On-Chip LSI, 


Evaluate HD63701 YOC 


Mass 
Production 





Figure V-1. Program Design Procedure 
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(Explanation) 

1. When the user programs the system using the HD6301X0O series, a functional assignment 
of each I/O pin and an allocation of RAM area should be specified adjusting to designed 
system before actual programming. 

2. A flowchart is designed to implement the functions and it is coded by using the HD6301X0 
mnemonic code. 

3. Write the software coded according to the flowchart on a floppy disk to make a source 
program. 

4. Assemble the source program to generate an object program using a computer. Assembly 
errors are also detected. 

5. Verify the program through hardware emulation with an emulator or EPROM on-chip type 
microcomputer. 

6. Send the completed program to the company in the form of EPROM. Send Single-chip 
microcomputer order specification and Mask option list at that time. 

7. ROM and mask option are masked by the company. LSI is testatively produced and the 
sample is handed in to the user. If a user doesn’t see any problem in programming, mass 
production can be started. 


Table V-1 Support Tools 


Emulator EPROM on- EPROM on-chip LSI IBM PC IBM PC 
chip LSI Programming Socket Adapter Cross Assembler C Compiler 





HD6301X0, H31MIX2 


HD6303X (HS31XEMLO2H) HD63701X0C H67PWAOL S3LIBMPC US31PCLI1SF 


& Carpiler 


= Emutatar 


© Programming... 
“Socket Adapter ™ 3 


"EPROM On-Chip L8i — 





HD6301X0 and HD6303X Development Tools 
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V.2 Single Chip Microcomputer ROM Ordering Procedure 


V.2.1 Development Flowchart 


Single chip microcomputer device is developed according to the following flowchart after 
program development. 
Device Development Flowchart 


ROM code “1 *1 2sets of EPROM 
Mask Option List *2 


Ordering Specifications *2 Part specific 


*3 






*3 Generic for Hitachi 
microcomputers 


Computer processing 


ROM code for confirmation 
of ROM fabricating 
specifications *4 





The same ROM code 
as submitted. 


OK 


4 Verification Listing Send it back after 
approving 


Working Sample (WS) *6 


3 pcs. 






5 Confirmation of function, Start the following 

characteristics *7, *8 To. flowchart after 
approving 

Send back signed 
working sample 
approval form. 


— 10 pes. 
Engineering Sample (ES) : a 
Confirmation of function, 


OK 
*9 |} 
characteristics, quality 





Commercial Sample (CS) 


(END) 





Note: Please send in 1, 2, and 3 at ROM ordering, and send back 4, 5 after approving. — 
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V.2.2 Data you send and precautions 


(a) Ordering specifications.................... Common style for all Hitachi single chip 
microcomputer devices. Please enter as for the 
followings. The format is shown in the next page. 


Basic ITEM 
Environment Check List 
Check List of attached data 


Customer 


(b) ROM code....... Creer POE Te eee Please send in the ordering ROM code by 2 sets 
of EPROM the same contents are written. Enter 
ROM code No. in them. It is desirable to send in 
program list for easy confirmation of the program 
contents. 


V.2.3 Change of ROM code 





Note that if you change the ROM code once sended in or other specification, the ROM must be 
developed from the beginning. The cost of mask charge should be provided again in this case. 


V.2.4 Samples and Mass production 


(Working Sample) .............. 0... cee eee eee 
Sample for confirmation of the contents of ROM 


code and that of mask option. Normally samples 
are sent but not guaranteed as for reliability. Please 
evaluate and approve immediately because the 
following sample making and mass production are 
set about after obtaining your evaluation. 
Sample for evaluating also reliability. 10 pcs are 

(Engineering Sample)............... 00.0. e eee 

included in mask charge. 
Samples for pre-production which may be 

(Commercial Sample)................ 0.0.00 eee 
purchased separately. 
Products for actual mass production. Please enter 


M PROGDUGU eiccin haere ius eae pan aebenas 
Maes Erdnet the plan of mass production in full. 
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eae | HD6301X0 oe 
ORDERING SPECIFICATIONS 


(1) GENERAL CHARACTERSITICS (Fill in blank space or check appropriate box L4I.) _ 


Customer | Package Outline [] DP-64S [| FP-80 













Application 7" 
(be specific) Options/Remarks: 


ROM Code | 
eo, ti ied 
Conversion Yes LI No 


os Code LJ EPROM Must Specify: Customer Programmed Start Address 
Media | [] ZITAT ss Customer Programmed Stop Address 





3 


N 
4 
> 
ar 

















Operating 


Temperature [_] standard [] J (-40° C to +85°C) version if offered 


A 
@ 
=: 
fn 
x 


[| Yes [] No Previous Hitachi P/N 


(2) OPERATING CHARACTERISTICS ill in blank space or check appropriate box Lx].) 


LSI _ | Typ! Target Level [-] 1000 Fit [| ¢ | ) 
Ambient 3 : —— Of Reliability 
| Temperature i [-] 500 Fit 
LSI ypical ceptable [] 0.25% [|] (___) 


Re 
Ambient Quality 
Amity [Range | eigen” PMO" osm LI) 












Hours/Day | LSI Operating Speed 
rieialc Specify MHz or KHz 
Power 
SupDl 


ae ae 


(3) ELECTRICAL CHARACTERISTICS (Fill in blank space or check appropriate box LX].) 


Maximum Applied 
Voltage To LSI 


(4) CUSTOMER APPROVAL (5) ROM CODE VERIFICATION 







Customer Name 
PO# 
| Approved By (print) | 


LSI Type No. 


Shipping Date of 
ROM To Customer 


Approved Date of 
ROM From Customer 


| Approved By (signature) _ 
Date 


@ HITACHI 
514 





HD6301/HD6303 SERIES HAN 


Section Six 


HD6301 YO/ 


HD6303Y/HD63701 YO 
User’s Manual 
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Section 1. Overview 


The HD6301Y0, HD6303Y, and HD63701Y0 are high-performance CMOS, 8-bit, single-chip 
microcomputer units (MCUs) which are object-code compatible with the HD6301V. | 


In addition to the CPU, these MPUs contain 256 bytes of RMA, a 16-bit 4-function timer, an 
8-bit reloadable timer, a serial communications interface (SCI), and 53 parallel lines. The 
HD6301Y0 has 16k bytes of masked ROM. The HD6303Y has no ROM. The HD63701 YO 
has 16k bytes of EPROM. The MPU’s halt and memory ready functions enable them to 
release external buses and perform low-speed external memory access. 


The HD63701Y0’s programmable ROM is programmed by the same method as the standard 
27256 EPROM. It is available in ceramic packages. The ceramic package with window is 
erasable for use in the debugging development stage. 


1.1 Features 


The HD6301Y0, HD6303Y, and HD63701Y0 provide the following features. 

° Instruction set compatible with the HD6301V1 

° On-board ROM 

—16k bytes programmable (HD63701Y0) 

—16k bytes masked (HD6301 YO) 

256 bytes RAM 

53 parallel I/O lines 

—48 common I/O lines (ports 1, 2, 3, 4, 5, 6) 

—5 output only lines (port 7) 

Darlington transistor direct drive lines (ports 2 and 6) 

16-bit programmable timer 

—1 input capture register 

—1 free-running counter 

—2 output compare register 

8-bit reloadable counter 

—External event counter 

—Square-wave generator 

—2 output compare registers 

° Serial communications interface (SCI) 

—Asynchronous mode/clocked synchronous mode 

—3 transmit formats (asynchronous mode) 

—6 clock sources 

Memory-ready function for low-speed memory access 

Halt function 

Error detection function (address trap, opcode trap) 

Interrupts 

—3 external 

—7 internal 

e MCU operation modes 

—Mode 1: expanded mode (internal ROM inhibited) 

—Mode 2: expanded mode (internal ROM valid) 

—Mode 3: single-chip mode 

Address space up to 65k bytes 

Low power modes 

—Sleep mode 

—Standby mode 

Minimum instruction time 0.33, (f =3.0MHz) 

Wide operating range 

—Vcc = 3 to 5.5V (f=0.1 to 0.5MHz) 

—Vcc = 5V +10% : HD6301Y0 (f =0.1 to 1.0MHz) 
HD63A01Y0 (f =0.1 to 1.5MHz) 
HD63B01Y0 (f =0.1 to 2.0MHz) 
HD63C01Y0 (f=0.1 to 3.0MHz) 
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1.2 Block Diagrams 


Figures 1-1, 1-2, and 1-3, are block diagrams for HD6301Y0, HD6303Y, and HD63701Y0, 
respectively. | | 















N 
® 
xo) 
ka re) 
 ¢(e e = = 
Vcc = 2If|niz w = pe 
Vss —— 3 3 
Vss ——— 0 s =2 
P2o0(Tin) < 1 
P2;(Tout1 x RD /P70 _ 
as | 1519 ie WR /P7; 
P22(SCLK) xn {oa =) le eas | W/P7 
P23(Rx) TT | & a scealias R/W/P72 
P24(Tx) oO N | LIR /P73 
ti; | ce ja BA /P74 
P25(Tout2) Aes | 
P26(Tout3) 2 ; 
P27(TCLK) UT | Do/P3o 
a0 D:/P3: 
2 D2/P32 
ra rs D3/P33 
TIMER 1 a Da/P34 
| Ds/P3s5 
Deé/P36 
D7/P37 
Ao/Pto 
a.O A1/P11 
Bg A2/P12 
| TIMER 2 : fe A3/P13 
2 Aa/P14 
_ As/P15 
—s @ Wn : 
PSo(TROh = ee Aa/Pte 
P5:(IRQ2) = —— od 8 A7/P17 
o © 
P52(MR) is ee g Q 
P53(HALT) = = As/P4o: 
P5,4(IS) 2) Te} a Ag/P4, 
P5s(OS) = aa A10/P42 
a} © A11/P4 
P56 ra i "1 3 
P57 ss + ° A12/P44 
A13/P45 
P6o A14/P46 
P6; . A1s/P47 
P62 
o ie a 
coed ae so 
P64 : O © 
P6s ~ oj Po RAM ROM 
P66 256 Bytes 16k Bytes 
P67 


Figure 1-1. HD6301Y0O Block Diagram 
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P2o(Tin) 
P2;(Tout1) 
P22(SCLK) 
P23(Rx) 
P24(Tx) 
P2s(Tout2) 
P26(Tout3) 
P27(TCLK) 


Hit i 4 : . 


ILL 


TIMER 1 


+ | z ty TT 


Data Bus 
Buffer 


few 
o 
£ 
S) 
a 
7) 
3 
[os 


Address 


l 


P5o(IRQ:) 

P5;(IRQz) 

P52(MR) 

P53(HALT) 

P5,4(IS) 

P5s(OS) : 

P56 ? Vy 
HAND 


P57 : SHAKE 
CONTROL 





Address Bus 
Data Bus 


Address 
Bus Buffer 


RAM 
256 Bytes 





Figure 1-2. HDG303Y Block Diagram 
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P2o0(Tin) 
P21(Tout1) 
P22(SCLK) 
P23(Rx) 
P2a(Tx) 
P2s(Tout2) 
P26 (Tout3) 
P27(TCLK) 


P5o(IRQs) 
P5:(IRQ2) 
P52(MR) 


P53(HALT) 
P5,(IS) 
P5s(OS) 
P56 

P57 


P60 
P6; 
P62 
P63 
P64 
P65 
P66 
P67 
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Vcc ——— 
Vss ——- 


Vss —— 


PORT 2 


PORT 5 


PORT 6 


P5 DDR 


P6 DDR 





Ma 


in 
HAND 


SHAKE 
CONTROL 


RES /Vpp 


oO - 
a a 
= 2 | 





NMI /EAs 


STBY 
E 


————e 











LS, 


RAM 
256 Bytes 


——_———- PROM Mode 


~ 
= 
(ea 
O 
Qa 
ea 
(aay a) 
~ 
ao 
ale 
oO 
| 
2 
fea) 
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ise) 
Q 
om 
a es 
Ota 
oO 
yu 


EPROM 
16k Bytes 


Figure1-3. HD63701Y0 Block Diagram 
© HITACHI 


~a— Mode 1, Mode 2 
~—a— PROM Mode 


~i— Mode 3 


RD /P7o 
WR /P71 
R/W/P72 
LIR /P73 
BA /P7a4 


Do/P30/EOo 
Di/P31/EO; 
D2/P32/EO2 
D3/P33/EO3 
Da/P34/EQO« 
Ds/P3s5s/EOs 
De/P36/EOs 
D7/P37/EO7 


Ao/ P 10/EAo 
Ai/P11/EA) 
A2/P12/EA2 
As3/P13/EA3 
Aa/P14/EAa 
~ As/P15/EAs 
A6/P16/EA6 
A7/P17/EA7 


As/P40/EAs 
As/P41/OE 
A10/P42/EAto 
Ai1/P43/EA11 
Ai2/P44/EA12 
A13/P45/EA13 
A14/P46/EA14 

A1s/P47/CE 


1.3 Pin Description 


Figure 1-4 shows the pin arrangements for the various packages. Table 1-1 lists pin functions for 
the HD6301Y0, HD6303Y, and HD63701Y0 in modes 1, 2, and 3. For further pin description, see 


2.3 Functional Pin Description, and 2.4 Ports. 


e HD6301Y0P, HD63A01YOP, HD63B01YOP, HD630C01Y0P 


(DP-645) 


e HD6303YP, HD63A03YP, HD63B03YP, HD630C03YP (DP-64S) 
e HD63701Y0C, HD637A01Y0C, HD637B01Y0C (DC-64S) 


Vss 
XTAL LJ] 2 
EXTAL{ | 3 
MPoL] 4 
MP1 Cys 
RES LJ 6 
STBY (|? 
Nmi(C] 8 
P20/Tin[_ | 9 
P21:/Tout1 L_J'0 
P22/SCLKL J"! 
P23/Rx{_]!2 


° HD6301YOCP, HD63A01Y0OCP, HD63B01 YOCP, 
HD630C01 YOCP (CP-68) 
° HD6303YCP, HD63A03YCP, HD63B03YCP, 


HD630C03YCP (CP-68) 
















P2,/Tin(_]10 
P2,/Toutt[]11 
P2,/SCLK{__]32 

P23/Rx[ 113 

P2,/Tx [414 
P25/Tout2 (_]#5 
P29/Tout3|_]16 
P27/TCLK [_]17 


RD/P75 


671 | 
66,_] 







R/W/P72 
LIR/P73 
BA/P7.4 
Do/P3o 
D:/P31 
D2/P32 
D3/P33 
Da/P3.4 
Ds/P3s 
De/P36 
D7/P37 
Ao/P 10 
Ai/P11 
A2/P 12 
A3/P13 
Aa/Pla 
As/P1is 
Ac/P 16 


A10/P42 
Ai1/P43 
A12/P44 
Ai3/P4s 
A14/P46 
A1s/P47 
Vcc 


HD630C01YOF (FP-64) 




























¢ HD6301Y0OF, HD63A01YOF, HD63B01Y0F, 


e HD6303YF, HD63A03YF, HD63BO03YF, 
HD630CO3YF (FP-64) 
aay 
Som af Sf 
63] RD/P7o > Pe ee ao ~ege 
Eersfkes eee s 
Mle F>2wux>wie |S «IS ao 
ZJTOn - ODWMAnR oO WwW FT N 
AMT. eee mw wo w BL] 0o/P3o 
P20/Tin |__]2 50] __| D,/P3,. 
P2,/Toutt} {3 49f_]D2/P3, 
P22/SCLK [~ |4 48| | D3/P3, 
P23/Rx fai 5 47 aa D,4/P3,4 
P2,/Tx [16 46| J 05/P35 
P2</Tout2 | 47 45] | 0,6/P3, 
P2¢/Tout3 [1g 44{ _}0,/P3, 
P2,/TCLK [_|9 43} JAd/P1g 
P5,/iRQ; [10 42{ JA,/P1, 
P5,/iRQ2 [—|11 41} _JA2/P12 
P5./MR [12 40] _JA3/P13 
P53/HALT [413 39] JAg/P14 
P5,/iS (__}14 38{ J As/P1, 
P5,/0S [15 37|__}Ag/P1¢ 
P5g | 16 36] | A,/P1, 
p5, [17 35 ]Vss_ 
P6, [_|18 34} J Ag/P4y 
PG, "2 See eee, tor ee on To ee IAP 
NNNNN NN NN NN OM OM 
Nn Oo ftw WOR YY ~ © id < i] ~ 
ceferersvc ec cee 
qdiqddaq¢ 
e HD6301YOH, HD63A01 YOH, HD63B01 YOH, 


WR/P7, 


65{_]RAWV/P?, 


64{_]uR, 


UR/P74 


63{_ ]BA/P7, 


62{ }Do/P3q 





611 |0,/P3, 


HD63C01YOH (FP-64A) 


¢ HD6303YH, HD63A03YH, HD63B03YH, 


HD63C03YH (FP-64A) 





60[_]D,/P3, 





NCL [18 521_JA,/P1, 
P5Q/iG, [j19 51{_]A2/P12 
P5,/iRQ, [_]20 501 J A3/P13 
P52/MA[_]21 49] J Ag/Pt4 
PS54/HALT (_ ]22 48{_ ]As/P1, 
P5,/IS(_]23 47[_ J} Ag/Pt¢6 
P55/0S(_]24 46] _JA,/P1, 

P5g(_]25 45{_]Vss 

P5,[_}26 44] _] Ag/P4 

ASS8SasB8sBRaaasgss F 
SUD LLUUWULUUUUUU 
gegeere ss sePsPies sx 
2 2 a aS 8S 
qidqdcggq t 


Note: NC; No connection 


Figure1-4. Pin Arrangement 


© HITACHI 





923 


-rPp 


Table 1-1. Pin Functions | 
Pin No. ' Mode 1, Mode 2 Mode 3 PROM Mode 




































































Pin Pin Pin 
DP-64S FP-64 FP-64A CP-68 Name Function Name Function Name Function 
1 58 = 457 2 Vss Ground Vss Ground Vss Ground 
rere eee ne a TS ALS ES TSOTSI TEE a CT 
2 59 58 3 XTAL Crystal connection XTAL Crystal connection 
3 60 59 4 EXTAL Crystal or external | EXTAL Crystal or external 
clock connection clock connection 
4 61 60 5 ~ MPo Mode select inputs MPo Mode select inputs 
5 62 61 6 MP4 MP4 Vpp PROM Programming voltage 
6 63 62 7 RES Reset input RES Reset input 
7 64 63 8 STBY Standby mode input STBY Standby mode input EAg Address bus, bit 9 
8 4 64 9 NMI _Nonmaskable interrupt . NMI Nonmaskable interrupt 
9 2 1 10 P20/Tin Port 2, bit O/ P20/Tin Port 2, bit O/ 
Timer 1 input Timer 1 input 
10 3 2 11 P21/Tout! Port 2, bit 1/ P21/Tout1 Port 2, bit 1/ 
Timer 1 output 1 Timer 1 output 1 
11 4 3 12. P29/SCLK _ Port 2, bit 2/ P29/SCLK Port 2, bit 2/ 
SCI clock SCI clock 
12 5 4 13 P293/Rx Port 2, bit 3/ P23/Rx Port 2, bit 3/ 
SCI receive input SCI receive input 
13 6 5 14 P24/Tx Port 2, bit 4/ P24/TxX Port 2, bit 4/ 
SCI transmit output SCI transmit output 
14 7 6 15 P2s5/Tout2 ‘Port 2, bit 5/ . P25/Tout2 Port 2, bit 5/ 
Timer 1 output 2 Timer 1 output 2 
15 8 aa 4 16 P26/Tout3 ‘Port 2, bit 6/ P26/Tout3 Port 2, bit 6/ 
Timer 2 output 3 Timer 2 output 3 
16 9 8 17 P27/TCLK Port 2, bit 7/ P27/TCLK Port 2, bit 7/ 
Timer 2 clock Timer 2 clock 
17 10 9 19 PSoQ/IRQq Port 5, bit O/ PSoQ/IRQ4 Port 5, bit 0/ 
. — Interrupt input 1 interrupt input 1 
18 11 10 20 P51/IRQ2 Port 5, bit 1/ PS4/IRQ2 Port 5, bit 1/ 
Interrupt input 2 Interrupt input 2 
19 12 11 21 P52/MR .Port 5, bit 2/. P52 Port 5, bit 2 
Memory ready input 
a cen eee nner 
20 13 12 22 P53/HALT Port 5, bit 3/ P53 Port 5, bit 3 
, Halt input 
21 14 13 23 P54/IS Port 5, bit 4/ P54/iS Port 5, bit 4/ 
Input strobe Input strobe 
22 15 14 24 P55/0S. Port 5, bit5/ P55/0S Port 5, bit 5/ 
Output strobe - Output strobe 
23 16 15 25 P56 Port 5, P56 Port 5, 





(continued) 


Table 1-2. Relationship of HD6301Y0, HD6303Y, and 
HD63701 YO Operating Modes 











Mode 
Device Type 1 2 3 EPROM 
HD6301Y0 X X X 
HD6303Y X 
HD63701Y0 X X X X 
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Table 1-1. Pin Functions (continued) 





































































































Pin No. Mode 1, Mode 2 Mode 3 PROM Mode 
Pin Pin Pin 

DP-64S FP-64 FP-6G4ACP-68 Name Function Name Function Name Pancnon 

25 18 17 27 P69 _ Port 6, bits 0-7 P69 Port 6, bits 0-7 

26 19 18 28 P64 a P64 

27 20 19 29 P62 P62 

28 21 20 30 P63 P63 

29 22 21 31 P64 P64 

30 23 22 32 P65 P65 

31 24 23 33 P6, P6g 

32 25 24 34 P67 P67 

33 26 25 36 Vcc +5V power supply Voc +5V power supply Vcc + 5 V power supply 

34 27 26 37. Ai5 Address bus, P47 Port 4, bits 7-0 CE Chip enable 
"35. #28 27. 38 Aig bils 15-8 P46 EA14 Address bus. 

36 29. «28 #439 ~©«Aqg P4500” EA13 bits 14-10 
"37.~-«30.~CS*sté=<‘CtCA : P44 EA12 

38 31 30 41 Ait P43 EA 44 

39 32 31 42 A1o P49 EA19 

40 33 32 43 Ag P44 OE Output enable 

a1 34. 33 44 ~~» Ag Pag EAg Address bus. 

42 35 34 45 Vss Ground Vss Ground Vss Ground 

43 36 35 46 AZ Address bus, P17 Port 1, bits 7-0 EA7 Address bus, 8 bit 

44 37 36 47 ~~ Ae bils 7-0 Pig EAg bits 7-0 

45 38 37 448 As P15 EAs 

46 39 38 49 Ag P14 EAq4 

47 40 39 50 Ag P13 EA3 

48 41 40 51 A2 Plo EA5 

49 42 41 52 Ay P14 EA, 

50 43 42 53 Ao . P19 EAo 

51 44 43 55 D7 Data bus, P37 Port 3, bils 7-0 EO7 Data bus, 

52 45 44 £56 D6 bits 7-0 P36 E0g bits 7-0 

53 46 45 57 Ds P35 EOs 

54 47 46 58 D4 P34 EO, 

55 48 47 59 D3 P33 . E03 

56 49 48 60 Do . P32 EO9 

57 ~++50 49 - 61 Dy P34 EO, 

58 51 50 62 Do P39 EOo 

59 52 51 63 BA Bus available output P74 Port 7, bits 4-0 

60 53 52 64 LIR Load instruction P73 . 

register output 

61 54 53 65 R/W Read/Write output P72 

62 55 54 66 WR Write output P74 

63, 56 55 67 RD Read output P79 

64 57 56 68 E External E External 

clock output clock output 
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Section 2. Internal Architecture and Operation 


2.1 Operation Modes 


The HD6301Y0 and HD63701Y0 operate in three MCU modes. The HD6308Y only operates in 
MCU mode 1. The mode program pins MP, and MP,, and the STBY pin select the mode (table 2-1). 
e MCU 1 (expanded): external memory access enabled, internal ROM disabled 

e MCU 2 (expanded): external memory access enabled, internal ROM enabled 

e MCU 3 (single-chip): external memory access disabled 


Table 2-1. Mode Selection 








MP, MP, STBY ROM RAM Interrupt Vector Operation Mode 

Low High X External Internal External MCU 1 (expanded) 
High Low X Internal Internal Internal MCU 2 (expanded) 
High High X Internal Internal Internal MCU 3 (single-chip) 


Note: X = Don’t care 
2.1.1 MCU Mode 1 (Expanded) 


In MCU mode 1, port 3 is the data bus, port 1 is the lower address bus, and port 4 is the upper 
address bus. They can directly interface with HD6800 buses. Port 7 supplies signals such as R/W. 
See table 2-2. In mode 1, the ROM is disabled and the external address space is 65k bytes (figure 
2-1). Since the HD6303Y has no internal ROM, it only operates in mode 1. | 


n 


| 


T 


ies] 
~< 






2 
=| 
3) 


o 
8 1/0 Lines 
Timer 1,2 SCI 


Port 5 
8 1/0 Lines 


a _ 81/0 Lines 8 Add 
IRG;, IROz MR.HALT JS. 08 rece bus 


Port 4 


Port 6 
8 1/0 Lines 8 Address Bus 


Figure 2-1. MCU Mode 1 
2.1.2 MCU Mode 2 (Expanded) 


MCU mode 2 is the same as mode 1, except that the ROM is enabled. The external address space _ 
is 48k bytes (figure 2-2). 


Port 2 
8 I/O Lines Gey nae, 
Timer 1,2 SCI 8 Data Bus 
Port 5 


Port 1 
8 Address Bus 


Port 6 Port 4 
8 1/0 Lines <2), 8 Address Bus 
\ 





Figure 2-2. MCU Mode 2 
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2.1.3 MCU Mode 3 (Single-Chip) 
In MCU mode 3, all ports are I/O ports. There is no interface to external buses (figure 2-3). 


aaa, Port 7 
5 Output Lines 
aap, Port 3 
Port 2 8 I/O Lines 
8 1/0 Lines 
I 


Timer 1,2 SC Port 1 
Port 5 eau 8 Output Lines 
8 Input Lines 


iRd,. RO, MR, HALT 


5, 05 
Port 6 Amity a) Port 4 


8 I/O Lines Vee “Wee 8 Oulput Lines 


RES 
STBY 
NMI 





Figure 2-3. MCU Mode 3 
Table 2-2. Port Signals 


Port MCU Mode 1 MCU Mode 2 MCU Mode 3 
1 Address bus (Ap-A7) Address bus (A,-A7) I/O port 

2 I/O port I/O port | I/O port 

3 Data bus (D7-Do) Data bus (D7-Do) I/O port 

4 Address bus (Ag-A;5) Address bus (Ag-A,5) /O port 

5 I/O port I/O port I/O port 

6 I/O port I/O port I/O port 

7 RD, WR, R/W, LIR, BA RD, WR, R/W, LIR, BA Output port 


2.2 Memory Map 


The HD6301Y0, HD6303Y, and HD63701Y0 can access up to 65k bytes of external memory, 
depending on the operating mode. Figure 2-4 shows a memory map for each mode. The first 40 
locations of each map, from $00 to $27, are reserved for the MCU’s internal register area (table 2-3). 


Expanded Mode Expanded Mode Singie-chip Mode 


Internal* $0000 Wi) Internal 
Register Yy Register 
$0027 Li 


Internal* $0000 


Lid Register 
External reer d External 


Memory Memory 
Space $0040 = Space $0040 V7 
internal internal etl 
RAM RAM 
$01 Y $013F 


External 
Memory 
Space 


Te © 


External 
Memory 
Space 


* Excludes the following addresses * Excludes the following addresses 
which may be used externally: which may be used externally: 
$00, $02, $04, $05, $06, $07, $18. $00, $02, $04, $06, $07, $18. 





Figure 2-4. Memory Maps 
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Table 2-3. Internal Register Area | aya | 
Address’ Register | R/W State at RESET 


2.3 Functional Pin Description 


00 Port 1 data direction register | W $FE 
01 Port 2 data direction register W $00 
02 Port 1 | R/W Undefined 
03 Port 2 R/W Undefined 
04 Port 3 data direction register W $FE 
05 Port 4 data direction register W $00 
06 Port 3 R/W Undefined 
07 Port 4 . R/IW _ Undefined 
08 Timing control/status register 1 R/W $00 
09 Free-running counter (upper byte) R/W $00 
0A Free-running counter (lower byte) R/W $00 
OB Output compare register 1 (upper byte) R/W $FF 
OC Output compare register 1 (lower byte) R/W $FF 
OD Input capture register (upper byte) R $00 
OE Input capture register (lower byte) R $00 
OF Timer control/status register 2 | R/W $10 
10 Rate, mode control register | R/W $CO 
11 Tx/Rx control status register 1 R/W $20 
12 Receive data register R $00 
13 Transmit data register . WwW $00 | 
14 RAM/port 5 control register R/W $F8 or $78 
15 Port 5 R Undefined 
16 Port 6 data direction register W $00 
17 Port 6 R/W __ Undefined 
18 Port 7 | R/W Undefined 
19 Output capture register 2 (upper byte) R/iW $FF 
1A Output capture register 2 (lower byte) R/W $FF 
1B Timer control/status register 3 R/W $20 
1C Timer constant register W ~sO$FF 
1D Timer 2 upcounter | R/W _ $00 
1E Tx/Rx control status register 2 R/W $28 
1F Test register 7 
20 Port 5 data direction register W $00 
21 Port 6 control/status register R/W $07 


2.3.1 Power (Vcc; Vss) | 
Voc: Vgg are the power supply pins. Apply +5V +10% to Voc: Tie Vgg to ground. 
2.3.2 Clock (XTAL, EXTAL) 


XTAL and EXTAL connect to an AT-cut parallel resonant crystal. The chip has a divide-by-four 
circuit. For example, if a 4 MHz crystal is used, the system clock will be 1 MHz. 
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Figure 2-5 is an example of the crystal oscillator connection. The crystal and C,, and C,5 should be 
located as close as possible to the XTAL and EXTAL pins. No line must cross the lines between the 
crystal oscillator and the XTAL and EXTAL pins. 


The EXTAL pin can be driven by an external clock with a 45% to 55% duty cycle. The LS! divides 
the external clock frequency by four. The external clock should therefore be less than four times the 
maximum clock frequency. When using an external clock, the XTAL pin should be left open. 

AT Cut Parallel Resonant Crystal Oscillator 


Co=7 pF max 
Rg=60 02 max 


CL1=Ci2 
= 10 pF—22 pF+ 20% 
(3.2—12 MHz) 


Cre 


sag 


(a) Crystal Interface 


XTAL N.C. 
EXTAL External Clock 


(b) External Clock 





Figure 2-5. Recommended Crystal Oscillator Connection 
2.3.3 Standby (STBY) 


The STBY pin puts the MCU in standby mode. When STBY is low, the oscillation sabe: and the 
internal clock is stabilized to put the MCU in a reset condition. To retain the contents of RAM during 
standby, write 0 to the RAM enable bit (RAME). RAME is bit 6 of the RAM/port 5 control register at 
address $0014. RAM is disabled, and its contents are sustained. Refer to 3.5 Low Power Dissipation 
Mode for details on the standby mode. 


2.3.4 Reset (RES) 


This pin resets the MCU’s internal state and provides a startup procedure. The RES input must be 
held low for at least 20 ms during power-on. 


The CPU registers accumulator, index register, stack pointer, condition code register except for 
mask bit, RAM, and the data registers of the ports are not initialized during reset, so their contents 
are undefined. 


2.3.5 External Clock (E) 

E provides a TTL-compatible system clock to external circuits. Its frequency is one-fourth that of the 
crystal oscillator or external clock. E can drive one TTL load and 90 pF. 

2.3.6 Nonmaskable Interrupt (NMI) 


When CPU detects a falling edge at the NMI input, it { begins the internal nonmaskable interrupt 
sequence. The instruction being executed when the NMI is detected will proceed to completion. 
The interrupt mask bit of the condition code register does not affect the nonmaskable interrupt. 


In response to an NMI interrupt, the contents of the program counter, index register, accumulators, 
and condition code register will be saved onto the stack. After they are saved, a vector is fetched 
from $FFFC and $FFFD to the program counter, and the nonmaskable interrupt service routine 
Starts. 


Note: After reset, the stack pointer should be initialized to an appropriate memory location before 
any NMI input. 

2.3.7 Interrupt Requests (IRQ,, IRQ.) 

The interrupt requests are level-sensitive inputs which request an internal interrupt sequence from 
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2.3.8 Mode Program (MP,, MP;) 

These pins determine the operation mode. Refer to 2.1 Operation Mode for details. 

Note: The following signals RD, WR, R/W, LIR, MR, HALT, and BA, are only used in modes 1 and 2. 
2.3.9 Read/Write (R/W; P7,) 


The read/write signal shows whether the MCU is in read (R/W high) or write (R/W low) state to the 
peripheral or memory devices. It is usually high, in read state. R/W can drive one TTL load and 30 
pF. 


2.3.10 Read and Write (RD; P7,, WR; P7,) 


The read and write outputs show active low outputs to peripherals or memories when the CPU is 
reading or writing. This enables the CPU to access LSI peripherals with RD and WR inputs easily. 
These pins can drive one TTL load and 30 pF. : 


2.3.11 Load Instruction Register (LIR; P75) 


The LIR output low shows that the instruction opcode is on the data bus. LIR can drive one TTL 
load and 30 pF. 


2.3.12 Memory Ready (IMR; P5.,) 


The memory ready control input lengthens the system clock’s high period to allow access to 
low-speed memory. When MR is high, the system clock operates normally. But when MR is low, the 
high period will be lengthened depending on its low time in integral multiples of its cycle time. It 
can be lengthened up to 9 us. 


During internal address or invalid memory access, MR is prohibited internally from decreasing 
operation speed. Even in the halt state, MR can lengthen the high period of the system clock to 
allow peripheral devices to access low-speed memories. MR is also used as P55. The function is 
chosen by the enable bit in the RAM/port 5 control register (bit 2) at $0014. See 2.5 RAM/Port 5 
Control Register for details. 


2.3.13 Halt (HALT; P55) 


The halt control input stops instruction execution and releases the buses. When HALT switches low, 
the CPU finishes the current instruction, then stops and enters the halt state. When entering the 
halt state, the CPU sets BA (P7,) high, and sets the address bus, data bus, RD, WR, and R/W to 
high impedance. When an interrupt occurs in the halt state, the CPU cancels the halt, and executes 
the interrupt service routine. : 


Note: When the CPU is in the interrupt wait state, executing the WAI instruction, HALT should be 
held high. If halt turns low, the CPU may fetch the incorrect vector after releasing the halt state 
(figure 2-6). If a halt is expected, a loop should be used instead of WAI (figure 2-7). 





Waiting 
interrupt 


(Accept interrupt) 


incorrect Vector (MSB) 


e 
| 


@ Fetch Vectors 
c Incorrect Vector (LSB) 


Opcode Fetch 
e * Execute interrupt routine 





* Branch destination undefined (CPU burst) 


Figure 2-6 HALT WAI 
530 — @ HITACHI 


Error Occurs 


Recommended Example 





Figure 2-7.Branch Replacement for WAI 


2.3.14 Bus Available (BA; P74) 


The bus available output control signal goes high when the CPU accepts HALT and releases the 
buses. It is normally low. The HD6800 and HD6802 bring BA high and release the buses at WAI 
execution, but the HD6301Y0, HD6303Y, and HD63701Y0, don’t. But if HALT goes low when the 
CPU is in the interrupt wait state after having executed a WAI, the CPU sets BA high and releases 
the buses. When HALT goes high, the CPU returns to the interrupt wait state. 





2.4 Ports 


The HD6301Y0, HD6303Y, and HD63701Y0 provides seven ports (six 8-bit ports and a 5-bit port). 
Some pins have other uses, as shown in table 2-2. Table 2-4 shows the addresses of the ports and 
their data direction registers. Figure 2-9 shows block diagrams of each port. Table 2-5 shows the 
state of each port at reset. 


Table 2-4. Port and Data Direction Register Address 


Port Port Address Data Direction Register 
1 $0002 $0000 
2 $0003 $0001 
3 $0006 $0004 
4 $0007 $0005 
5 $0015 $0020 
6 $0017 $0016 
7 $0018 
@ HITACHI 


531 


Table 2-5. Port at Reset (Modes 1 and 2) 


Port State at Reset 

1 (Ap-A7) High 

2 High impedance 

3 (Dp-D7) High impedance 

4 (Ag-A4s5) High (Mode 1 only) 

5 High impedance 

6 High impedance | 

7 RD, WR, R/W, LIR = High - 
7 BA = Low 


Note: Port 4 is high impedance in Mode 2. 
All ports are high impedance after reset in Mode 3. 


2.4.1 Port 1 


Port 1 is an 8-bit I/O port (figure 2-8). The LSB of the DDR ($0000) selects the data direction 
of the whole port(figure 2-9). In the expanded modes (1 and 2) port 1 is the lower address bus 
(A7-Ao). Port 1 can drive one TTL load and 90 pF capacitance. 


a 
P1n Data ; 
C . 


” 
=) 
fea) 
” 
” 
® 
uo) 
wT 
<x 
i) 
Cc 
i= 
@ 
~ 
£ 
boo 
@ 
s 
° 
— 


Internal Data Bus 


RES: Reset Signal 
WP1D: DDR Write Signal 

WP 1: Port Write Signal 

RP1: Port Read Signal 


* 8-bit Common Register 
* * Priority: Set > reset 





Figure 2-8. Port 1 Block Diagram 
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MSB LSB 
1 


Pp 
DDR 


pre frm] me [me fem fie en | me 


P1DDOR ($0000) 
(Write only, bit 0 
is cleared during 
reset.) 


PORT1 ($0002) 
(R/W, not ini- 
tialized during 
reset. ) 





Figure 2-9. Port 1 Register and Data Direction Register 


2.4.2 Port 2 


Port 2 is an 8-bit I/O port (figure 2-10). Each bit of the DDR ($0001) defines the data direction 


of the corresponding bit of port 2 (figure 2-11). Port 2 can drive one TTL load and 30 pF 
capacitance. It can produce 1 mA when VOUT = 1.5 V to directly drive the base of a 


Darlington transistor. 


Port 2 pins are also used as I/O pins by timers 1, 2, and the SCI (table 2-6). The pin functions 


are controlled by registers in timers 1, 2, and the SCI. 
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R 
Q D 
P20 DDR 
| Cc 
& Q D 


P20 Data 
Cc 


Internal Data Bus 


WP2D: DDR Write Signal 
WP2: Port Write Signal 
RP2: Port Read Signal 


Timer 1 
Input Capture Input 


P20/Tin 


Internal Data Bus 


S R 
Q D 
P2, DDR 
C 
Qa D 
SCI, Timer 1, Timer 2 
P2n Data 
C) Cc 


Pa Output Data 
. Output Enable Signal 


WP2D: DDR Write Signal 
WP2 : Port Write Signal 
RP2: Port Read Signal 


P2;/Tout1, P24/Tx, P2s/Tout2, P2¢6/Tout3 





Figure 2-10. Port 2 Block Diagram 
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P22 maak 


P22 Data 
C 


Internal Data Bus 


Clock Input Enable 
Signal 
Output Clock 


Clock Output Enable 
Signal 
Input Clock 


WP2D: DDR Write Signal 
WP2: Port Write Signal 
RP2: Port Read Signal 


P22/SCLK 





Antena Data Bus 


ie DDR 


en Data 


Bape Timer 2 


Input Enable signal 


w~SClI Receive Data, 
Timer 2 External Clock 
WP2D: DDR Write Signal 
WP2: Port Write Signal 
RP2: Port Read Signal 


P23/Rx, P27/TCLK 





Figure 2-10. Port 2 Block Diagram (Cont) 
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MSB LSB 
DDR | DDR | DDR | DDR | DDR | DDR | DDR | DDR] giine reset 


PORT2 ($0003) 
P25 P24 P23 P22 P2) P20 (R/W, not initialized 
during reset.) 


Figure 2-11. Port 2 Register and Data Direction Register 





Table 2-6. Port 2 Pin Functions 


Port 2 Pin Alternate Function Description 





P20 Tin Timer 1 input 
P2; - Toutt Timer 1 output 1 
P29 SCLK SCI clock 
P23 Rx SCI receive input 
P24 Tx SCI transmit output 
P25 Tout2 Timer 1 output 2 
P26 Tout3 Timer 2 output 3 
P27 TCLK | | Timer 2 clock 
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2.4.3 Port 3 


Port 3 is an 8-bit 1/O port (figure 2-12). The LSB of the DDR ($0004) selects the data direction 
of the whole port (figure 2-13). In the expanded modes (1 and 2) port 3 is the lower data bus 


(D7-Do). Port 3 can drive one TTL load and 90 pF capacitance. 


P3DDR’° 


: Data Bus Control 


O pI 
P3, Data 
Cc 


Internal Data Bus 
CPU Internal Bus 


External Address Internal Address 
Read, RP3 READ WP3D: DDR Write Signal 
id) ee WP3: Port Write Signal 
RP3: Port Read Signal 


* 8-Bit Common Register 


P3DDR ($0004) 
(Write only, bit O 
is cleared during 
reset.) 


PORT3 ($0006) 
(R/W, not ini- 
tialized during 
reset. ) 





Figure 2-13. Port 3 Register and Data Direction Register 
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2.4.4 Port 4 


Port 4 is an 8-bit I/O port (figure 2-14). Each bit of the DDR ($0005) defines the data direction 
of the corresponding bit of port 4 (figure 2-15). In the expanded modes (1 and 2), port 4 is the 
upper address bus (A75-Ag). In mode 1 (expanded mode with no external ROM), the DDR is 
set automatically and port 4 outputs addresses. In mode 2 (expanded mode with external 
ROM), the DDR must be set to 1 for port 4 to function as the address bus. Pins that are not 
needed for the address bus can be used as input pins. Port 4 can drive one TTL load and 90 
pF capacitance. 


Mode1 RES 


Internal Data Bus 


” 
=! 
ioe) 
= 
no] 
OG: 
a 6 
rr) 
= 
A) 
- 
= 
i 
@ 
Q. 
a 
> 


WP4D: DDR Write Signal 4 
WP4. Port Write Signal * Priority: set> reset 
RP4: Port Read Signal 





Figure 2-14. Port 4 Block Diagram 


MS 
P4 


B LSB 
7 P46 P45 P44 P43 P42 P4, P4o ie ane saree 
DDR DDR DDR DDR DDR DDR DDR DDR | ... Ys 
during reset.) 


PORT4 ($0007) 
P47 P4s P44 P43 P42 P4, P4o (R/W, not initialized 
during reset.) 


Figure 2-15. Port 4 Register and Data Direction Register 
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2.4.5 Port 5 


Port 5 is an 8-bit !/O port (figure 2-16). Each bit of the DDR ($0020) defines the data direction of the 
corresponding bit of port 5 (figure 2-21). Port 5 can drive one TTL load and 30 pF capacitance. 


P5;-P5, are also used as control pins (table 2-7). The function of these pins is determined by the 
RAM/port 5 control register (RP5CR), except for P5,/IS and P5,/OS, which are controlled by the 


port 6 control/status register (PGCSR). 


P55-P50 are also used as control pins (table 2-7). The function of these pins is determined by 
the RAM/port 5 control register (RP5CR), except for P54/IS and P55/OS, which are controlled 


by the port 6 control/status register (P6CSR). 
R 
D 


Ri R 
Q 
P5, DD 
C 
ti Q 


P5, Data 
Cc 


* Value after reset; 
IRQ1E=0, IRQ2E=0, MRE=0**, HLTE=1** 
* * P52 and P53 can be used as 1/O ports 
in spite of the value of this register in Mode 3. 


P50/TROn, P5:/TRO2, P52/MR, 
RES 


R 
Q D 
P54 DDR 


C 


Q 
P54 Data 
C 


P54/1S 





WP5D: DDR Write Signal 
WPS: Port Write Signal 
RP5: Port Read Signal 


Internal Data Bus 


* 
RAM/Port 
5 Control 
Register 


P53/HALT 


WPS5D: DDR Write Signal 
WP5: Port Write Signal 
RP5: Port Read Signal 


Internal Data Bus 


= Port 6 Control Status Register 


Figure 2-16. Port 5 Block Diagram 
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WP5D: DDR Write Signal 
WPS: Port Write Signal 
RP5: Port Read Signal 


Internal Data Bus 


Port 6 Control/Status Register 


c--------- 


OSE & OS output 


0: OS output disable 


8 
fee) 
8 
Oo 
La 
r) 
E 
£ 
£ 


WP5D: DDR Write Signal 
WP5: Port Write Signal 
RPS5: Port Read Signal 





Figure 2-16. Port 5 Block Diagram (Cont) 
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2.4.6 Port 6 


Port 6 is an 8-bit I/O port (figure 2-17). Each bit of the DDR ($0016) defines the.data direction 
of the corresponding bit of port 6 (figure 2-18). Port 5 can drive one TTL load and 30 pF 
capacitance. In addition, it can drive the base of Darlington transistors directly. 


Port 6 can function as a parallel handshake interface under the control of the port 6 control/ 
status register (PGCSR: $0021). Port 6 has a data latch for input data (IS LATCH). 


> 
=] 
jee) 
bi] 
~ 
oO 
QO 
i 
c 
hae 
@ 
~- 
= 


WP6D: DDR Write Signal 
WP6: Port Write Signal 
RP6: Port Read Signal 


IS Latch 
Cc 
Port 6 

Control/Status Register 





Figure 2-17. Port 6 Block Diagram 


MSB LSB 
pg, | Pés | Pés | PGs | P63 | P6o | Pb, | P6q erase 
DDR | DDR | DDR | DDR | DDR | DOR | DDR | DDR yi 

during reset.) 


PORT6 ($0017) 
(R/'W, not ini- 
tialized during 
reset. ) 





Figure 2-18. Port 6 Register and Data Direction Register 
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2.4.7 Port 7 


Port 7 is a 5-bit output only port (figures 2-19, 2-20). In the expanded modes (1 and 2), port 7 
outputs control signals from the CPU. Port 7 goes to high-impedance state during reset. Port 7 


can drive one TTL load and 30 pF capacitance. 


RES 
WP7 


Mode 1, Mode 2 


D 
P7, Data 
C 
WP7: Port Write Signal 
RP7: Port Read Signal 


CPU Control 
Signal 


3 
m 
£ 
© 
a) 
rs 
E 
2g 
£ 


* Priority: S2>R, S1 





Figure 2-19. Port 7 Block Diagram 


MSB 


LSB 
PORT7: $0018 
PEER Te) ate 
mined during reset.) 





Figure 2-20. Port 7 Register 
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2.5 RAM/Port 5 Control Register 
The RAM port 5 control register (RP5CR:$0014) controls onchip RAM and port 5 (figure 2-22). 
2.5.1 IRQ1E, IRQ2E 


Setting IRQ1E and IRQ9E to 1 selects P5090 and P5j as the IRQ 1 and IRQo interrupt inputs. 
These bits are cleared at reset. 


2.5.2 MRE, AMRE 

When MRE or AMRE is set to 1. P59 becomes the MR input. When both are 0, memory ready 
is inhibited (table 2-8). In mode 3, memory ready is always inhibited, regardless of these bits. 
MRE is cleared at reset. AMRE is set to 1. 


2.5.3 HLTE 


When HLTE is set to 1, P53 becomes the HALT input. When O, HALT is inhibited. In mode 3, 
HALT is always inhibited, regardless of HLTE. This bit is set to 1 at reset. 


2.5.4 STBY FLAG 


Clearing STBY FLAG by software puts the MCU into standby mode. This flag is set to 1 at 
reset, so reset cancels the standby mode. If the STBY pin is low, this flag cannot be cleared. 


2.9.5 RAME 


When RAME is set to 1, on-chip RAM is enabled. When 0, it is disabled. RAME is set to 1 at 
reset. This bit should be set to O before going into standby state to protect on-chip RAM data. 


2.5.6 STBY PWR 
When Vcc is not provided in standby mode, STBY PWR is cleared. If STBY PWR is set before 


the MCU goes to standby, and remains set after standby Vcc was continuously supplied, and 
the contents of on-chip RAM are valid. 
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P5DDR ($0020) 
(Write only, $00 
during reset.) 














MSB LSB 
P57 P56 P53 P52 P5, P50 
DDR DDR . DDR DDR DDR DDR 
PORT5 ($0015) 
P57 P54 P53 P52 P51 P50 (R/W, not initialized 
during reset.) . 










Figure 2-21. Port 5 Register and Data Direction Register 


Table 2-7. Port 5 Pin Functions 


Port 5 Pin Alternate Function | Description 

P50 | IRQ{ Interrupt input 1 
P54 IRQ2 Interrupt input 2 
P59 MR Memory ready input 
P53 HALT Halt input 

P54 | As Input Strobe 

P55 OS — | Output strobe 


RAM/Port 5 Control Register (RP5CR) 


7 6 5 4 3 2 1 0 
STBY STBY IRQi 


IRQ: Enable ~ 
O-P5o is an I/O port 
1-P5o0 is IRQi 
IRQ2 Enable 
O-P5: is an I/O port 
1-P51 is IRQ2 
MR Enable | 
O-Memory ready disabled 
1-P52 is MR, memory ready function enabled 


HALT Enable 
0-P53 is an 1/0 port 
1-P53 is HALT input 


Auto Memory Ready Enable 
0-Automatic memory ready disabled 


1-P52 is MR, auto memory ready enabled 
Standby Flag 
O-Setting this flag to 0 puts MCU in standby mode 
1-STBY FLAG is set to 1 by reset, releasing standby mode 
RAM Enable 
0-On-chip RAM disabled 
1-On-chip RAM enabled 
Standby Power 
O-Vcc has not been provided during standby mode 
1-Vcc has been provided in standby mode 





Figure 2-22. RAM/Port 5 Control Register 
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Table 2-8. Memory Ready Function 


MRE 
0 
0 


AMRE 
e) 
1 


Function 
Memory ready inhibited. 


Auto memory ready. When the CPU accesses the external address 
regardiess of MR, E clock automatically stays high one-cycle longer. 
This state is retained during reset. 


Memory ready. MR pin controls E clock high time. 


When the CPU accesses the external address space with the P59 (MR) 
pin low the auto memory ready operates. This function useful if there is 
both high-speed memory and slow memory outside. Input CS signal of 
slow memory to MR pin. 
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2.6 Port 6 Control/Status Register 


The port 6 control/status register (P6CSR: $0021) controls and holds the status of the port 6 
handshake interface (figure 2-23). The handshake interface functions as follows. 


@ Latches the data input at port 6 on the falling edge of IS (P54). 

© Outputs OS (P55) when reading or writing to port 6. 

@ When IS FLAG is set by the falling edge of IS, an interrupt occurs (figure 2-24). 

2.6.1 LATCH ENABLE 

The LATCH ENABLE bit controls the port 6 input latch (IS LATCH). When it is set, the input 
data at port 6 will be latched in at the falling edge of 1s (P54). Reading port 6 clears the latch. 
If LATCH ENABLE is O, the input latch is disabled, and P54 acts as an ordinary I/O port. 
LATCH ENABLE is cleared at reset. 


2.6.2 OSS 


When OSS is set, writing to port 6 initiates an output strobe signal (OS/P5s). When OSS is 


cleared, reading port 6 initiates an OS. OSS is cleared at reset. 

2.6.3 OSE 

When OSE is set, P55 is the output strobe, OS. When cleared, it is a normal I/O port. 
2.6.4 IS IRQ1 ENABLE 


When IS IRQ7 ENABLE is set, IS FLAG set causes an IRQ interrupt. When cleared, IS FLAG 


does not cause an interrupt. This bit is cleared during reset. 
2.6.5 IS FLAG 


The IS FLAG is set by the falling edge of IS. It is a read-only flag. It is cleared by reading or 
writing to port 6 after reading the P6CSR. IS FLAG is cleared during reset. 


Table 2-9 shows the conditions that set and reset the port 6 control/status register flags. 
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Port 6 Control/Status Register 


7 5 4 3 
IS ~ LATCH 
IRQi OSE OSs 
FLAG ENABLE ENABLE 


Latch Enable 
O-Port 6 latch disabled 2 
1-Port 6 input latched by IS 


Output Strobe Select 
0-OS output on port 6 read 


1-OS output on port 6 write 
Output Strobe Enable 
O-P5s is 1/0 port 
1-P5s5 is output strobe (OS) 
Input Strobe Interrupt Enable 
O-Interrupt on IS FLAG inhibited 
1-IRQi interrupt on IS FLAG enabled 


Input Strobe Flag 
O-No IS 


1-1S falling edge detected 





Figure 2-23. Port 6 Control/Status Register 


HD6301Y0 
MSB 


Port 6 Control/Status Register 
IS FLAG Saray 
ENABLE 





Figure 2-24. Input Strobe Interrupt Block Diagram 


Table 2-9. Port 6 Control Status Register Status Flags Set and Reset Conditions 








Flag Set Condition Clear Condition 
IS FLAG Falling edge input to P54 (IS) - Read the P6CSR then read or write the 
port 6, when IS FLAG = 1 
- RES = 0 

ICF FRC — ICR by rising or falling - Read the TCSR1 or TCSR2 then ICRH, 

edge input to P20. (Selected by when ICF = 1 

IEDG) - RES = 0 

© HITACHI 


947 


Section 3. CPU Function 
3.1 CPU Registers 


The CPU has three 16-bit registers and three 8-bit registers (figure 3-1). 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


Program Counter (PC) 


0 


at fafHti[Niz{v ici Condition Code Register (CCR) 


Carry/Borrow from MSB 
Over flow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 





Figure 3-1. CPU Registers 


3.1.1 Accumulators (ACCA, ACCB, ACCD) 

Two 8-bit accumulators, ACCA and ACCB, store the result of arithmetic/logic operations and data. When 
combined, these make up the 16-bit accumulator ACCD used for 16-bit operations. Note that the 
contents of ACCA and ACCB are destroyed by an ACCD operation. 

3.1.2 Index Register (1X) 

The 16-bit register IX stores 16-bit data for use in indexed addressing or for general purposes. 


3.1.3 Stack Pointer (SP) 


The contents of the16-bit register SP indicate the address of a stack. SP can also be used as a 
general-purpose register. 


3.1.4 Program Counter (PC) 


The contents of the 16-bit PC indicate the address of the instruction being executed. Note that 
software cannot access this register. 
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3.1.5 Condition Code Register (CCR) 

The CCR register consists of the carry (C), overflow (V), zero (Z), negative (N), interrupt mask (I), and 
half-carry (H) bits. After an instruction is executed, the CCR bits change state depending on the result of 
the operation. They can be tested by conditional branch instructions. The upper two bits of this register 


are not used. 


Half-Carry (H):H is set to 1 if a carry at bit 3 or bit 4 occurs during an ADD, ABA, or ADC instruction. It 
is cleared if no carry occurs. 


Interrupt Mask (I):When | is set to 1, it disables all maskable interrupts (IRQ;, |RQ9, and IRQ3). 


Negative (N): N is set to 1 if the MSB of the result of an operation is 1. N is cleared if it is 0. 
Zero (Z): Z is set to 1 if the result of an operation is zero. Z is cleared if it is not zero. 


Overflow (V): V is set to 1 if the result of an operation shows a two's complement overflow. It is 
cleared if there is no overflow. 


Carry (C): C is set to 1 if a carry or borrow is generated from the MSB. If there is no carry or borrow, it is 
cleared. 


3.2 Addressing Modes 
The HD6301Y0, HD6303Y and HD63701Y0 instructions have seven addressing modes. 
3.2.1 Accumulator Addressing (ACCX) 


The instruction addresses an accumulator and ACCA or ACCB is selected. Accumulator addressing 
instructions take one byte. 


3.2.2 Immediate Addressing 

Immediate addressing places the data in the second byte of an instruction, except LDS and LDX, which 
use the second and third bytes. An immediate instruction causes the CPU to address this operand. 
Immediate instructions take 2 or 3 bytes. 

3.2.3 Direct Addressing 

In direct addressing, the second byte of an instruction holds the address where the data is stored. 256 
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bytes ($00-$FF) can be addressed directly. Storing data in this area reduces instruction time, SO 
configuring $00-$FF as user's RAM is recommended. Direct addressing instructions take 2 bytes, or 3 
bytes for AIM, OIM, EIM, or TIM. | | 


3.2.4 Extended Addressing 


In extended addressing, the second byte of an instruction holds the upper eight bits of the absolute 
address of the stored data, and the third byte holds the lower eight bits. Extended addressing 
instructions take 3 bytes. _ 


3.2.5 Indexed Addressing 


In indexed addressing, the second byte of the instruction (third byte for AIM, OIM, EIM, or TIM 
instructions) is added to the lower eight bits of the index register. The carry is added to the upper eight 
bits of the index register, and the 16-bit sum is the memory location of the data. The modified address is | 
held in the temporary address register, so the index register doesn't change. Indexed addressing 
instructions take 2 bytes, or 3 bytes for AIM, OIM, EIM, or TIM. . 


3.2.6 Implied Addressing 


In implied addressing, the instruction itself specifies the address. For example, the instruction 
addresses the stack pointer or index register. Implied addressing instructions take 1 byte. 


3.2.7 Relative Addressing 


In relative addressing, the second byte of the instruction and the lower eight bits of the program counter 
are added. The carry or borrow is added to the upper eight bits of the program counter. Locations from 
-126 to +129 bytes from the current location can be addressed. Relative addressing instructions take 2 
bytes. | 
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3.0 Instruction Set 


The HD6301Y0, HD6303Y, and HD63701Y0 are object-code upwardly compatible with the HD6801 
to use all instructions of the HMCS6800. The instruction time of key instructions has been reduced 
improving throughput. | 


3.3.1 Additional Instructions 


Bit manipulation, index register and accumulator exchange, and sleep instructions have also been 
added to the HD6801 instruction set. AIM, OIM, EOM, and TIM are 3 byte instructions. The first byte is 
the opcode, second byte is the immediate data, and the third byte is the address modifier. 


AIM: ANDs the immediate data with the memory contents and stores the result in memory. (M) AND 
(IMM) -> (M). 


OIM: ORs the immediate data with the memory contents and stores the result in memory. (M) OR (IMM) 
-» (M). 


EIM: EORs the immediate data with the memory contents and stores the result in memory. (M) EOR 
(IMM) -> (M). 


TIM: ANDs the immediate data with the memory contents and changes the related flag in the condition 
code register. (M) AND (IMM). 


XGDX: Exchanges the contents of the accumulator with the contents of the index register. (ACCD) <» 


(IX). 

SLP: Puts the MCU into sleep mode. Refer to 3.5 Low Power Dissipation Mode for details. 
3.3.2 Instruction Set Summary 

Tables 3-1 to 3-5 summarize the instruction set. 

* Accumulator and memory manipulation instructions: table 3-1 

e Index register and stack manipulation instructions: table 3-2 

¢ Jump and branch instructions: table 3-3 


e Condition code register manipulation: table 3-4 
e Opcode map: table 3-5 
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Table 3-1. Accumulator and Memory Manipulation Instructions 






Addressing Modes Condition Code 
Register 
alstetelile 
Arithmetic Operation 


Pg OOS DOCODDODS aoc ae OEE 
jaope_|ce| 2 | z [oe] a] 2 jes «| 2|rejs] a} | | |a+m~2 Inne 
[Aaa Dowle [woop |ca[ a] 3 os] [afea[s/2|rais{3] | | [aie MM" felel ij itil: 
Pacinos [eee 111111 ti) epee hibits 
aad win carry [ance [ao] 2 | 290] 3j2 [ao 4{2|eela{a] | | [armec~a |: [ols |: || i 
Apes =a [2 [09] 3|2fesjs}2irais[a| | | jeemecme [ile iil iti 
anon ‘[ea| 22 [oe] a{2[asla{afes|a{a] | | [ame  leleliii tele 
rae j2jos|s|2jeslalatrels[al | | jem-e  [eleli|:irie| 
Bt Test joa |e5] 2 | 2]e6| 3/2 |ac/s|2ies)a}a; | | jaw [elejili [als 
jews |es| 2/2 joe] a[2jesi4/2[re/a|3) | | jem [eles | i [aie 
Ger four” | | | | ferlstelrls|s| 1 | |oom aise is Pe) 8 
Cee Rae eee R EROS. soleistalel 
pee eo ee IE | Rea oe eee) 8 
Compare cma [au z[2jsi]s{2|aja{zier|s/s] | | jam feleli (iin: 
owe lolz {2jo.]s[2feijs[2iala}s) | | jem  feteyitaists| 
frarammomnors —X_ {| | | tT | TT | | tii fare fede t teas 
par al ccc Ol CaaS ae Oe 
ee Te ea) : ces 


















DIRECT INDEX EXTEND | IMPLIED 


Boolean/ 






Operations 







































Complement, 2's 


(Negate) 


Converts binary 
add of BCD char- 
acters into BCD 
format 










Decimal Adjust, A 


Decrement 


cuss eon fe8) 22 |ee/ 3 [alas] je lesle|'s| | | [awa [ele is| og 

jeona [cs] 2|2joe|s|2les{s|2|raisiaj | | lee [eels |i [R/e| 
werwment ne | eT LT | [eels |e frcle ta] ]i po [mtaew Tole f i | le] e| 
pine a a fe | el a a Aeiea. se 2 eee 
Cae eR eRe ee Ceo 
juowa |e] 2/2 oe] a}2|as|«|zies]s/s/ | | [wa feleliti[nie 

ube [66] 2 |/2'|pe] a | 2 jee) @| 2 |e) als] [wee [ele [ atlas) 
tocumistor_ [40D [ec] a|a|pe| 4/2 lec|s|2lecis|3| | | [mei-am-a [ele]: |1[R/ o| 
metioly Urcioned [we | TT TTT LT Ty | [ania fa faxeeace  {elele[e/e a) 
OR, inciive —Joraa [aa] 2|2 lea] 3/2 jaal4|2 lala] a] | | [abun [eleis lil ele 

jonas lca] 2|2|oala[2leala|2lea)ais| | | [pbw-e  ‘leleliii ays 
pusooete aa ey | af tan 88| | Benieee «| 9 18] 8 ¢ |e) 
swe | TT ETE LT TT i lets [aise telelelelele 


Note: Condition Code Register will be explained in Note of table 3-4. 














Load 
Accumulator 
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Table 3-1. Accumulator and Memory Manipulation Instructions (Cont.) 


Condition Cade 
Register 







Addressing Modes 


| IMMED | DIRECT EXTEND IMPLIED Boolean/ is 3 | }1 | 0 
~[# for] ~| # Jor] ~ [a for] ~] # for] ~[ | itmeicomaton fe] 1 in| 2] v | 6 
SP+1-—SP, 
Msp— 
SP+1--SP, 
Msp-—B 


Operations 





ie 
Pull Data puta | 
ae oe 
Rotate Left ROL ie] 
fou | 
fos | 
Rotate Right fron | 
rome 
ors [| 


Shift Left ASL Ete tl 
Arithmetic 
to PED fer 
om DOmnCE 
Double Shift _ P 
ct hei SCCHEEEE ae 
sutmen [ase | | {||| (mlelelmtels| | | | BORGO: 
Arithmetic 
area | TT | TE Tt TE [af [ss pefetr 
area | TT | TE LE [sit (| DOBRO: 
stright = [use| || || | fee] sf 2|7stofa] | [| | 
Logical 
LSRA ESD 
LSRB TE eae 
Double Shift 
Ratiseen [sro EuSSRR0SBRROCUG 2 
me stan | || [97 3 [2 [a7] a | 2 [a7] 4 | Se fee [ee 


Accumulator = 2. fa Pe e7| 4 | Ex [e7| 4 | 


Store Double A-M 

pee fT eeloepels el ie 

sf felis aces 
suss [co] 2| 2 |p0| 3 | 2 [0] 4 | 2 |Fo| 4/3 | Pee eee 


eee ee en i eee 


Subtract 
i et es de BBBEE 
Sabtract /seca | 82 eee EB 2 AZ f3| | | fan M— FA=M=C>A tet ache 
With Carry 
ie eee eee 
Transter mat TT TT TE ET fae fae | nooo 
Accumulators 

maT TT fern fefettti fale 
Testzeroor = [st | | | | | | feos 2|ojata} | | [moo jefef iii [Ria 
Minus 

msra | TT TT EEE TT EE foot [a fanoo fo fof rit i ale 
rat | | TT TEE TT | [sofa ft fe-oo fe fof [ier 
woarmneane [aw | || (mfelsfalris, [| || | [www [ele|i [ein le 


= 
6 |e 


ne 


_ 
— 





















erinnesne fom | || [rle|o|elrfo| |] [| | lwtww [ele f el te 
en Ue ae 
varies [rm [| frole] ses te] f) [mm fe 
*4 M “5 M *3 M 

B 


B Cc b? bo B b?7 bo c b7 bo 


“Ss 
eee 


a 


*4 _—— * * ————— oe 
—— =% 
Si a ER , fof TTT TIT) 
B b7 bo Cc b7 bo Cc 
*7 ——_—_» 
0 
A? AO .B7 BO c 
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Table 3-2. Index Register and Stack Manipulation Instructions 


Pointer Boolean/ 
Operations Mnemonic oP a Arithmetic Operation 


DEX 


SP+1 


(M+1) --Xt 


J 
- 


SP 


= 
x 
= 


Pars Pu, 
M+1)—SPcL 


ii 
n 
= 


L~(M+1) 
PH-M, 
PL—(M+1) 


KX (nn 


w 


u--Msp, SP—1~SP 
t#~Msp, SP—1--SP 
P+] ~SP,Msp~Xw 
P+1—SP, Msp~Xv 


NMI sK 


> 





Note: Condition Code Register will be explained in Note of table 3-4. 
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Table 3-3. Jump and Branch Instructions 


Condition Code 


" 
@ 
Bo) 
© 
= 
bo 
£ 
n 
wn 
@ 
_ 
5 
so) 
< 


RELATIVE | DIRECT INDEX EXTEND | IMPLIED 


Branch Always 


dvances Prog. 


A 
Cntr. Onl 


ee S00 Se | Oe ese ee es 
RO ed 9S ad Nd A 


BCC 
BGT 
BHI 

BLE 
BLS 
BLT 
RTI 


7) 
| od : 
e 


Branch if Carry Set | BCS 
Branch if >Zero 
Branch if Higher 
Branch if SZero 

if Lower Or 
Branch if Not Equal 
Zero 
Branch if Overflow 
Branch if Overflow 
Branch To Subroutine | BSR 
Jump To Subroutine 
Return From Interrupt 
Software Interrupt 
Wait for Interrupt® 


Branch 
Branch if < Zero 


Branch if Carry 
Branch if=Zero 
Branch if Minus 
Branch if Plus 
No Operation 
Return From 
Subroutine 


Branch Never 
Clear 





—_— 


* WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 


Condition Code Register will be explained in Note of table 3-4. 


Note: 
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Table 3-4. Condition Code Register Manipulation Instructions 


Addressing Modes 
Operations Mnemonic 


Clear Cary race 
Clear Interrupt Mask 
Clear Overflow | CLV 


CLV 
Sec 

[Set interupt Mask | SE) 
sev 
cap 
PA 






[Condition Code Register 
rs[4[3[2[i fo: 
rape pN lz |v oy 











G 










CCR-— Accumulator A 


Legend Condition Code Symbols 
- OP Operation Code (Hexadecimal) Half-carry from bit 3 to bit 4 


H 
‘~ Number of MCU Cycles | Interrupt mask 
Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V Overflow, 2’s complement 
— Arithmetic Minus C  Carry/Borrow from/to bit 7 
@® Boolean AND R Reset Always 
+ Boolean Inclusive OR S_ Set Always 
© Boolean Exclusive OR ! Set if true after test or clear 
M Complement of M e@ Not Affected 
— .Transfer into 
QO - ©Bit = Zero 
00 Byte = Zero 


Note: Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


@ (BitV) Test: Result = 100000007? 
@) (BitC) — Test: Result = 00000000? | 
 @ > (BitC) — Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
@ (Bit V) Test: Operand = 10000000 prior to execution? 
6) (Bit V) Test: Operand = 01111111 prior to execution? 
©) (Bit V) Test: Set equal to N + C= 1 after the execution of instructions 
@ (Bit N) Test: Result less than zero? (Bit 15=1) 
(All Bit) | Load condition code register from stack. tee 
@) (Bit I) Set when interrupt occurs. If previous set, a non-maskable interrupt is required to exist the wait state. 
dO (Al Bit) Set according to the contents of accumulator A. 
@ 


- (Bit C) Result of multiplication bit 7= 1? (ACCB) 


Table 3-5. Memory Map 


oF lend a 
7 cece 
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[7] UNDEFINED OP CODE 
* Only AIM, OIM, EIM, TIM instructions 
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3.4 CPU Instruction Flow 


When operating, the CPU fetches an instruction from memory and executes the required function. This 
sequence starts from RES high, and repeats itself continuously if not affected by a special instruction or 
control signal. SWI, RTI, WAI, and SLP instructions change this operation, and NMI, IRQ4, IRQo, IRQ3, 


HALT, and STBY control it. Figure 3-2 shows the CPU mode transitions, and figure 3-3 is the CPU 
system flowchart. Table 3-6 shows the CPU operating states and port states. 


Standby 
Mode 





Figure 3-2. CPU Operation Mode Transitions 


© HITACHI 
557 


8SS 


IHOVLIH @ 






fap - Notes; 1. The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=0, the 

<i> \ sequence will go into the standby mode regardless of the CPU 
condition. 


2. Refer to 3.8 Interrupts for more details of interrupts. 








































| VECTORING | 


NMI inTERRUPT 
REQUEST FLAG 
CLEAR 


VECTORING 


/FFFO FFF1 


INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 


Figure 3-3. System Flowchart 


Table 3-6. CPU Operating States and Port States 


Port 


1 (Ag-A7) 


3 (Do-D7) 


4 (AgAis) 


Notes: 


. Mode 


1,2 


3 


1,2 


1,2 


1,2 


Reset Standby? Halt? 


High High impedance High impedance 


~ High impedance High impedance 


High impedance Highimpedance Keep 
High impedance High impedance 
High impedance High impedance High impedance 


High impedance High iapedaiics 

High High impedance High impedance 
High impedance High impedance High impedance 
High impedance High impedance 

High impedance High impedance Keep 

High impedance High impedance 

High impedance High impedance Keep 

High impedance High impedance 

Note 1 High impedance .Note 2 


High impedance High impedance 


1. RD, WR, R/W, LIR = high; BA = low. 


oS 


RD, WR, R/W = high impedance; LIR, BA = high. 

E is high impedance in standby state. 

HALT cannot be accepted in mode 3. 

Address output pin = high; Input port = high impedance. 


3.5 Low Power Dissipation Modes 


Sleep 
High 
Keep 
Keep 
Keep 


High impedance 


Keep 
High 

Note 5 
Keep 

Keep 
Keep 
Keep 
Keep 
Note 1 


Keep 


The MCU has two low power dissipation modes, sleep and Standby. Table 3-7 shows the MCU state in 
sleep and standby modes. 
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Table 3-7. Sleep and Standby Modes 





Sleep Mode — 
Oscillation circuits Continue operation 
CPU | Stop 
CPU registers Hold 
RAM Hold 
I/O pins ~ Hold 
Timers | Continue operation 
SCl - Continue operation 
Internal Registers Hold | 
How to release Interrupt 
| STBY = low | 
Reset start 


3.5.1 Sleep Mode 


Standby Mode 
Stop 

Stop 

Undefined 

Hold 


High impedance 


Stop 


Stop 
Reset 
STBY = high before reset start 


(Hold RES low after STBY high until 
oscillator stabilizes, 20 ms min) 


The MCU goes into sleep mode when the SLP instruction is executed. In the sleep mode, the CPU 


stops operation while maintaining the registers’ contents. Peripherals such as the timers and the SCI 


continue their functions. One-fifth as much power is dissipated in sleep mode as in the operating mode. 


The sleep mode is terminated by an interrupt, or a RES or STBY signal. RES causes the MCU to reset, 


STBY causes it to go into standby mode. When the CPU receives an interrupt request, it returns to 


operating mode. If the interrupts are enabled, it branches to the interrupt service routine. If they are 


masked, it executes the next instruction. However, if timer 1 or 2 prohibits a timer interrupt, the CPU 


won't cancel the sleep mode because there is no interrupt request to the CPU. 


The sleep mode reduces power dissipation for a system that doesn't need the CPU's continuous 


operation. Figure 3-4 is the sleep instruction timing chart. 





Steep \ 
Internal feng aa | 





Stop in 






Sleep cleared 





DATA 










Sleep Instruction 





Address 











sleep is cleared 
without interrupt 
maske 





Interrupt occurs 





Program 


preg gs gm a OR gL es DOR gy A jens Pa a EN Be ee oe 





Sleep " . 
mode clock 
' ADDRESS ; 
BUS POnt 1X FrFF >X OT >—K OO F>*K F*KPEN FTX PEN Z ~~ Sleep is cleared 


with interrupt 
masked 


BUS JS \supf erty 


Interrupt save routine 


bus where "Pont | FrFF sp YSP-1) 


Figure 3-4. Sleep Instruction Timing 
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3.5.2 Standby Mode 


When the STBY input goes low, the MPU stops all clocks and goes to the reset state. In this mode, 
power dissipation is greatly reduced. All pins except Voc, Vss, STBY, and XTAL (outputs 0) are 
detached from the MCU internally, and go to high impedance. 


In standby mode, power is supplied to the MCU, so that the contents of RAM are retained. The MCU 
returns from this mode with a reset. 


An example of the use of this mode follows. First, save the CPU state and SP contents in RAM by an 
NMI routine. Then disable the RAME bit in the RAM control register and set the STBY PWR bit to go to 
standby mode. If the STBY PWR bit is still set after reset start, power has been supplied to the MCU and 
the RAM contents have been retained properly. The system can restore itself by returning the 
pre-standby information to the SP and registers. Figure 3-5 shows the timing at the NMI, RES and STBY 
pins. 


Note: In standby mode, the mode program pins, MPg and MP4, should be held according to the 


operaticn mode. If they are opened, the standby current will increase over the specified value. 


al coal 


| 
! | 
Save Registers Oscillator 
RAM/Port 5 Control Start Time 
Register Set 
Restart 





Figure 3-5. Standby Mode Timing 
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3.6 Trap Function 


The CPU generates an interrupt with the highest priority (TRAP) when it fetches an undefined 
instruction or an instruction from outside of memory space. The trap function prevents system 


malfunctions caused by noise or program error. 
3.6.1 Opcode Error 


When the CPU fetches an undefined opcode, it saves the CPU registers as well as performing the 
normal interrupt procedure and branches to TRAP ($FFEE, $FFEF). This has the highest priority next to 
reset. 


3.6.2 Address Error 


When an instruction is fetched from outside the internal ROM, RAM, and external memory area, the MCU 
generates an address interrupt as well as an opcode error. But on a system with no external memory, a 
trap is not generated if an instruction is fetched from the external memory area. Table 3-8 shows the 
addresses where an address error occurs in each mode. This function is available only for an instruction 
fetch, and does not apply to data read/write. 


Table 3-8. Address Error Addresses 


Mode | Address 

1 $0000-$001F 
2 $0000-$001F 
3 $0000-$003F, 


$0100-$EFFF 


3.6.3 Caution 


The trap function has a retry function other interrupts do not have. The program flow returns to the 
address where the trap occured when RTI returns the CPU to the main routine from the TRAP routine. 
The retry can prevent problems caused by noise, etc. However, if another trap occurs, the program can 
repeat the retry/TRAP cycle forever. Consideration is necessary in programming. 


In figure 3-6, after executing instruction OPn, the MPU fetches and decodes an undefined opcode and 
generates a trap interrupt. When the RTI is executed in the trap interrupt servicing routine, the MPU will 
put $FFO3 in the PC, fetch the same opcode, and generate the trap again. The MPU will endlessly 
repeat loop ABC. 
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In figure 3-7, after executing the BSR, the branch destination address is output to the address bus to 
fetch the first instruction of the subroutine. If $0001 is erroneously output as the address, the MPU will 
decode it and generate a trap interrupt. When the RTI is executed in the trap interrupt servicing routine, 
the MPU will put $0001 in the PC, and start from this address. This will generate another trap, in an 
endless loop. 


Nom 


$FFO1 


address interrupt 
Pera } | 
Trap interrupt 


$FFO3 | Undefinition 


wn — 





Figure 3-6. Executing an Undefined Opcode Figure 3-7. Erroneous Fetch 
3.7 Reset 


To reset the MCU during operation, hold RES low for at least 3 system-clock cycles. At the third cycle, 
when the clock signal is low, all the address buses become high. While RES is low, the buses remain 
high. When RES goes high, the MCU starts the following operations. 


1. Latches the value of the mode program pins, MP4 and MPo. 


2. Initializes the internal registers (see table 2-3). 


3. Sets the interrupt mask bit. For the CPU to recognize the maskable interrrupts IRQ4, |RQo, and 





IRQ3, this bit should be cleared in advance. 


4. Puts the contents (= start address) of the last two addresses ($FFFE, $FFFF) into the program 
counter and starts the program from this address. See table 2-4. 


The MCU cannot accept a reset input until the clock oscillation is stable after power-on (20 ms maximum). 
This is because the reset signal is internally synchronized to the clock as shown in figure 3-8. Until 
oscillation starts, the MCU is undefined. As the I/O ports are controlled directly by the RES pin, 
they are reset after power-on reset. At this time, the data registers of these ports don’t change. 
Refer to 2.4 Ports for the state of the ports during reset. Figure 3-9 shows reset timing. 


Internal reset signal 


Inside the LSI 





Figure 3-8 Reset Circuit 
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FFFF °FFFF FFFF FFFF FFFF FFFF FFFF New PC 


Internal R ANY En Ce 


internal W TT 
oI *—<“<“<;7;73;3 CP TWO 
a ee le 


PC8 PCO First - 
PC15 PC7 Instruction 





Figure 3-9 Reset Timing 


3.8 Interrupts 


The CPU will complete the current instruction before accepting the request. If the interrupt mask bit in 
the condition code register is set, the request will be ignored. When the interrupt sequence starts, the 
contents of the program counter, index register, accumulators, and condition code register will be saved 
onto the stack. Then the CPU sets the interrupt mask bit and will not respond to further maskable 
interrupt requests. In the last cycle of the interrupt, the CPU fetches the vectors shown in table 3- 9, 
transfers their contents to the program counter and branches to the interrupt service routine. 


The external interrupt pins IRQ, and IRQ are also used as P59 and P54. The function is chosen by the 


enable bits in the RAM/port 5 control register (bits 0 and 1) at $0014. See 2.5 RAM/Port 5 Control 
Register for details. 


When one of the internal interrupts, ICI, OCI, TOI, CMI, or SIO is generated, the CPU produces the 
internal interrupt signal, |RQ3. IRQg3 functions just the same as IRQ, or IRQ», except for its vector 


address. Table 3-9 is an interrupt vector map, figure 3-10 is the interrupt sequence, and figure 3-11 is 
the interrupt circuit block diagram. 
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Table 3-9. Interrupt Vector Memory Map 


Vector Location 
Priority MSB LSB Interrupt 


Highest FFFE  FFFF RES 
FFEE. FEF TRAP =~*~*~*~<“<=~*S*S*S*S*S*SSSSS 
FFFC FFFD NMI 
FFFA FFFB SWI (Software interrupt) 
FFF8 FFF9 IRQ, ISF (Port 6 input strobe) 


FFF6 FFF7 ICi (Timer 1 input capture) 

FFF4 FFF5 OCI (Timer 1 output compare 1, 2) 
FFF2 FFF3 TOI (Timer 1 overflow) 

FFEC FFED CMI (Timer 2 counter match) 
FFEA FFEB IRQ2 


Lowest FFFO FFF1 SIO (RDRF + ORFE + TDRE + PER) 


interrupt 
Test 


E 


Internal 
Address Bus Ct] XO 2S CE GS EE EE GS GS Se oD ee a ae Ge 
Op Code OpCode FFFF SP SP-1 SP-2 SP-3 SP-4 sp-5 SP-6 Vector Vector New 
NMI, IRQ,, 0.8V Address: -edaressr'J Aaties paares pantens 


IRQ,, IRQ, tees 





Internal 


Data Bus Op Code Operand ‘irrelevant PCO~ PCB~ IXO~ IX8~ ACCA ACCB CCR_ Vector Vector First Inst. of — 
Op Code Data PC7 PC15 1X7 IX15 MSB LSB Interrupt Routine 


Internal 


Read \ a a ee a Oe Nee 
Internal ee tag ee eee 


Write 





Figure 3-10. Interrupt Sequence 


© HITACHI 
565 


Each Status Register’s Interrupt 
Enable Flag 
1; Enable, O ; Disable 


Condition 
Code 
Register 
I-MASK 


O ;Enable 
1 :;Disable 


Interrupt 
Request 
Signal 


LO" 

oo] 
roo 
pore 
can 
=< 
=< 
<< 


Edge 
Detective 
Circuit 


Address Error 
Op Code Error Uae 
Detective Circuit 





Figure 3-11. Interrupt Circuit Block Diagram 


The SEI instruction sets the interrupt mask bit, inhibiting interrupts. The CLI instruction clears the 
interrupt mask bit, allowing interrupts. The TAP instruction can set and clear the interrupt mask bit also. 
There must be at least two cycles between clearing the interrupt mask bit and setting it again, or an | 
interrupt which occurs between setting and clearing the bit cannot be accepted (figure 3-12). 





Figure 3-12. CLI and SEI Timing 
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Section 4. Timer 1 


The 16-bit programmable timer, timer 1, can measure an input waveform and independently generate 


two independent waveforms. The pulse widths of the input and output waveforms can vary from 


microseconds to seconds. 
Timer 1 has the following components (figure 4-1). 


. Control/status register 1 (8 bits) 

¢ Control/status register 2 (7 bits) 

* Free-running counter (16 bits) 

¢ Output compare register 1 (16 bits) 
e Output compare register 2 (16 bits) 


¢ Input capture register (16 bits) 


Internal Data Bus 


$0B, $0C $09, S0A 


Output Compare 2 Output Compare 1 Overflow Detect 


4 


i es ee Se 

ae ee Ee ee ee 
IRQ, 
oe, Oe 
= 
~C | 
ai 


Figure 4-1. Timer 1 Block Diagram 
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4.1 Free-Running Counter (FRC) 


The key element of timer 1 is the 16-bit free-running counter. It is incremented by the system clock. 
The counter value can be read by software without affecting the counter. Reset clears the counter. 


The free-running counter is located at addresses $0009 and $000A. When the CPU writes to the high 
byte of the FRC ($0009), a preset value ($FFF8) is actually written to both bytes of the counter, | 
regardless of the write data value. When the CPU writes to the low byte ($000A) after the high byte, 
both the low and high byte of the write data value are written to the FRC. See figure 4-2. The counter 
operates this way when written to by double-byte store instructions (STD, STX, etc). 


$09 Write _ SOA Write 


Counter value | $FFF8 !} $5AF3 
: t ' 


Writing $5AF3 to the FRC. 





Figure 4-2. Counter Write Timing 


4.2 Output Compare Registers (OCR) 


The output compare registers are 16-bit read/write registers that control the output waveforms. They are 
located at $000B, $000C (OCR1) and $0019, $001A (OCR2). 


The OCR's are constantly compared to the FRC. When the data matches, the output compare flag 
(OCF) in the timer control/status register (TCSR) is set. If an output enable bit (OE) in TCSR2 ts set to 1, 
an output level bit (OLVL) will be output to bit 1 (Tout1) and bit 5 (Tout2) of port 2. To determine the 
output level for the next compare match, change OCR and OLVL. 


The OCR is set to $FFFF after reset. The compare function is inhibited for a cycle just after a write to the 
OCR or the upper byte of the FRC. This is so that the 16-bit value will be valid in the OCR, and because 


SFFF8 is set after the FRC's upper byte is written. 


To write to the OCR, use a 2-byte transfer instruction, such as STX. _ 
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4.3 Input Capture Register (ICR) 


The input capture register is a 16-bit read-only register located at $000D, $000E. It stores the FRC's 


value when an external input signal transition at P29 generates an input capture pulse. Which transition 


generates the pulse is defined by the input edge bit (IEDG) in TCSR1. 
To input an edge bit to the edge detector, clear bit 0 of port 2's DDR. When an input transition occurs at 
the next cycle of the CPU's ICR upper-byte read, the input capture pulse will be delayed one cycle. To 


ensure input capture, the CPU must read the ICR with a 2-byte transfer instruction. The ICR is cleared to 
all zeros during reset. 


4.4 Timer Control/Status Register 1 (TCSR1) 


The timer control/status register 1 is an 8-bit register located at $0008 (figure 4-3). All of the bits can be 


read and the lower 5 can be written to. The 3 upper read-only bits indicate the timer status. 


7 6 5 4 3 2 1 0 
OCF1 EICI]EOCI1;ETOI| IEDG |OLVL1{| $0008 


Figure 4-3. Timer Control/Status Register 1 





4.4.1 Output Level 1 (OLVL1) 


OLVL1 is transferred to port 2, bit 1 when a match occurs between the counter and OCR1. If OE1, bit 0 
of TCSR2 is set to 1, OLVL1 will be output at port 2 bit 1. Bit 0. 


4.4.2 Input Edge (IEDG) 
IEDG determines whether the rising edge or the falling edge of P2g will trigger data transfer from the 


counter to the ICR. IEDG = 0 specifies a falling edge (high to low); IEDG = 1 specifies a rising edge (low 
to high). Bit 0 of port 2's DDR must be cleared for this function to operate. Bit 1. 


4.4.3 Enable Timer Overflow Interrupt (ETO!) 


\ 
\ 


Setting ETOI to 1 enables timer overflow interrupt (TOI) to trigger an internal interrupt (IRQ3). When 
ETOI is cleared, the interrupt is inhibited. Bit 2. 


4.4.4 Enable Output Compare Interrupt 1 (EOCI1) 


\ 


Setting EOCI1 to 1 enables output compare interrupt 1 (OCI1) to trigger an internal interrupt (IRQ3). 
When EOCI71 is cleared, the interrupt is inhibited. Bit 3. 
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4.4.5 Enable Input Capture Interrupt (EICI) 


Setting EICI to 1 enables input capture interrupt (ICI) to trigger an internal interrupt (IRQ3). When EICI is 
cleared, the interrupt is inhibited. Bit 4. 


4.4.6 Timer Overflow Flag (TOF) 


TOF is set when the counter value increments from $FFF to $0000. TOF is cleared when CPU reads 
the TCSR1, then the counter's upper byte (at $0009). Bit 5, read only. 


4.4.7 Output Compare Flag 1 (OCF1) 


OCF1 is set when a match has occurred between the FCR and OCR1. Writing to OCR1 ($000B or 
$000C) after reading the TCSR1 or TCSR2 clears OCF1. Bit 6, read only. 


4.4.8 Input Capture Flag (ICF) 

ICF is set when the transition of the P2p input signal selected by IEDG causes the counter to transfer its 
data to the ICR. Reading the high byte of the ICR ($000D) after reading TCSR1 or TCSR2 clears ICF. Bit 
7, read only. 


4.5 Timer Control/Status Register 2 (TCSR2) 


The timer control/status register 2 is a 7-bit register located at $000F (figure 4-4). All of the bits can be 
read and the lower 4 can be written to. The 3 upper read-only bits indicate the timer Status. 


Both TCSR1 and TCSR2 are cleared during reset. 


7 6 5 4 8° 2°93 1 9 
OCF1IOCF2 p= EOCI2]OLVL2 Joc | ofr SOOOF 





Figure 4-4. Timer Control/Status Register 2 


4.5.1 Output Enable 1 (OE1) 


Setting OE1 to 1 enables OLVL1 to appear at P2, when a match has occurred between the counter 


and the output compare register 1 (OCR1). Clearing OE1 makes P2; an I/O port. Bit 0. 
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4.5.2 Output Enable 2 (OE2) 


Setting OE2 to 1 enables OLVL2 to appear at P25 when a match occurs between the counter and the 


output compare register 2 (OCR2). Clearing OE2 makes P25 an l/O port. Bit 1. 


Note: If OE1 or OE2 is set to 1 before the first output compare match after reset, P24 or P25 will output 


0. 
4.5.3 Output Level 2 (OLVL2) 


OLVL2 is transferred to P25 when a match occurs between the counter and OCR2. If OE2 (bit 1 of 
TCSR2) is set to 1, OVLV2 will be output at P25. Bit 2. 


4.5.4 Enable Output Compare Interrupt 2 (EOCI2) 


Setting EOCI2 to 1 enables output compare interrupt 2 (OCI2) to trigger an internal interrupt (IRQ3). 
When EOCI2 is cleared, the interrupt is inhibited. Bit 3. 


4.5.5 Output Compare Flag 2 (OCF2) 


OCF2 is set when a match has occurred between the FCR and OCR2. Writing to OCR2 ($0019 or 
$001A) after reading TCSR2 clears OCF1. Bit 6, read only. 


4.5.6 Output Compare Flag 1 (OCF1) and Input Capture Flag (ICF) 


The OCF1 and ICF addresses are partially decoded. The CPU reading TCSR1/TCSR2 makes it possible 
to read OCF1 and ICF into bits 6 and 7. 
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4.6 Timer Status Flags 


Table 4-1 shows set and clear conditions of each status flag in timer 1. _ 


If flag set and clear conditions occur at the same time, timer 1 flags will be set. 


Table 4-1 Timer 1 Status Flags 


Flag Set Condition Clear Condition 
Timer 1 ICF * FRC — ICR at edge of P29 - Read TRCSR1 or TRCSR2, then ICRY 
-RES = 0 | 
OCF1. - OCR1 = FRC - Read TRCSR1 or TRCSR2, then write | 
: OCR1y or OCR1, | 
-RES = 0 
OCF2 -OCR2 = FRC ‘Read TRCSR2, then write OCR2, or 
. OCR2,_ 
-RES = 0 
TOF  -FRC=$FFFF+1 cycle - Read TRCSR, then FRCy 
-RES=0 





4.7 Precautions on Clearing OCF 


Writing to the OCR after reading the TCSR when the OCF is 1 clears the OCF. However, the OCF is not 


cleared under the following conditions. 
1. Acompare match is found before the CPU writes to the OCR after reading the TCSR with OCF = 0. 


2. Acompare match is found at the same time as the CPU writes to the OCR after reading the TCSR 
with OCF = 1. | 


See figure 4-5. 


The OCF will always be cleared if you assure that a compare match does not occur between the TCSR 
read and the OCR write. In example 1, figure 4-6, the OCR is loaded with the contents of the 
free-running counter (FRC) before the TCSR is read. A compare match will not occur until the FRC is 
counted up. In example 2, an OCR write cycle is executed immediately before and after TCSR read. A 
compare match will not occur until a match occurs between the contents of the FRC and the OCR write 
data. 
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1. When OCF is not cleared 
(1) case 1 


LDAA TCSR » STD OCR 
1 { 


E clock 


TCSR read OCRH write OCRL write 
_ toe 
| ‘oa 
| 4 | ' 


OCF clear signal = Fae pe 
| 
I 


| 
| ner 
OCF set 


OCF is not cleared. 


(2) case 2 


t 
LDAA TCSR STD OCR 
<A $$$ —_____—_—_ irr} 
1 
E clock 
TCSR read OCRH write | OCRL write 


OCF clear signal 5 


OCF set signal 5 


OCF i 


At conflict, — 
prior set 





Figure 4-5. OCF Clearing Timing on Condition 


[program example] [program example] 


FRC — OCR 
TCSR read 


OCT + AT — OCR 





Figure 4-6 Clearing the OCF 
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Section 5. Timer 2 


In addition to timer 1, the HD6301Y0, HD6303Y, and HD63701Y0, have an 8-bit reloadable 
timer for counting external events, timer 2. Timer 2 has a timer output, so the MCU can 
generate three independent waveforms. 


Timer 2 has the following components (figure 5-1). 


¢ Control/status register 3 (7 bits) 
« Upcounter (8 bits) 
¢ Time constant register (8 bits) 


<s: Data Bus 
igi Timer1 FRC 


CT 














| 
Time 28 2 Sec 8 
Constant oc 

x Register | aie Sec Bit 7 
{ 
{| ! 
{ 
I 
! 
x75) | 
“” ! 
© | 
Compare i ! 

@ 
< ! 
2 ! 
rss 
pat 
Port 2 

Bit 6 

| 


Level 
ka: ian 
TCSR3 
Ea CKS1 





Figure 5-1. Timer 2 Block Diagram 


5.1 Timer 2 Upcounter (T2CNT) 


The 8-bit upcounter is located at $001D. It operates from the clock input selected by CKSO and CKS1 
of TCSR3. The counter can always be read without being affected. In addition, it can be written to at any 
time, even during counting. 


The counter is cleared when the counter value matches the time constant register (TCONR) value, or 
during reset. 


oN 
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If the CPU writes to the counter during a cycle when it is being cleared, it will not be cleared, but will take 
the value written by the CPU. 


9.2 Time Constant Register (TCONR) 


The 8-bit write-only time constant register is located at $001C. It is always being compared to the 
upcounter. 


When it matches, the counter match flag (CMF) of the timer control/status register 3 (TCSR3) is set. P2g 


will then output the value selected by TOSO and TOS1 of the TCSR3. When the CMF is set, the 
counter will be cleared simultaneously and start counting from $00. This enables regular interrupts and 
waveform output without any software attention. TCONR is set to $FF during reset. 


When a write-only register like TCONR is read by the MCU, $FF always appears on the data bus. 
Whenever the MCU performs an arithmetic or logic operation between memory, and a write-only register, 
the result will be $FF. 


5.3 Timer Control/Status Register 3 (TCSR3) 


The 7-bit timer control/status register is located at $001B (figure 5-2). All bits can be read and all bits can 
be written except CMF (bit 7). TCSR3 is cleared at reset. 


7 6 5 4 3 2 1 6) 
orf] - [es [oo owas se 





Figure 5-2. Timer Control/Status Register 3 


5.3.1 Input Clock Select 0 and 1 (CKSO, CKS1) 


CKSO and CKS1 select the counter clock as shown in table 5-1. When the external clock is selected, 


the rising edge of P27 increments the counter. The external clock's frequency can be up to one-half 


the system clock frequency. If the E clock divided by 8 or 128 is selected, the clock comes from timer 1, 
so do not write to the FRC. Bits 0 and 1. 
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Table 5-1. Input Clock Select 
CKS1 CKSO Input Clock 














0 0 E clock 
0 1 E/8 

1 0 E/128 

1 1 External clock (P27) 


5.3.2 Timer Output Select 0 and 1 (TOSO, TOS1) 
When the upcounter matches TCONR, timer 2 will output to P2g¢ as selected by TOSO and TOS1 (table 
5-2). When TOSO and TOS1 are 0, P2¢ will be an I/O port. When toggle output is selected, the P2g 


output level reverses each time the upcounter and TCONR match. This produces a 50% duty cycle 


square wave at P2¢ without software support. Bits 2 and 3. 
Table 5-2. Timer 2 Output Select 
TOS1 TOSO Timer Output 





0 0 Timer output inhibited 

0 1 Toggle output 

1 0 Output 0 a 
1 1 Output 1 


5.3.3 Timer 2 Enable (T2E) 
When T2E is cleared to 0, the clock input to the upcounter is inhibited, and the upcounter stops. When 
T2E is set, the clock selected by CKSO and CKS1 is input to the upcounter. Bit 4. 


Note: P2g outputs 0 when T2E bit is 0 and timer 2 is enabled by TOSO and TOS1. It also outputs 0 
when T2E is 1 and timer 2 is output enabled before the first match occurs. 

9.3.4 Enable Counter Match Interrupt (ECMI) 

Setting ECMI to 1 enables CMI to trigger an internal interrupt (IRQ3). When ECMI is cleared, the interrupt 


is inhibited. Bit 6. 

5.3.5 Counter Match Flag (CMF) 

The read-only CMF bit is set when the upcounter matches the TCONR. It is cleared by writing a zero to it. 
Bit 7. | 
5.4 Timer Status Flag 

Table 5-3 shows set and clear condition of each status flag in timer 2. 


If flag set and clear condition occurs at the same time, timer 2 flag will be set. 


Tabie 5-3. Timer 2 Status Flag 


Flag Set Condition Clear Condition 
CMF -T2CNT = TCONR - Write O to CMF 
-RES = 0 
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5.5 Precaution for toggle pulse function of HD6301 Y0/HD6303Y/HD63701Y0 Timer 2 
Please pay attention to the following items when using Timer 2 as Toggle pulse output | 

function. 

PHENOMENAN 

Just when T2CNT’s content equals a TCR’s content, after writing “1” to T2E bit of TCSR3 to 

output toggle pulses from P26, the abnormal rising edge occurs at P26 and the first pulse 

width will be 1/2 E clock cycle. 

Therefore, in the application which needs off-and-on pulse groups, you can’t get 50%-duty 

output pulse at anytime. 


Timing chart of Timer 2 and P26 is shown in Fig. 1 when TCR =N and CKS =0 CKS1 =0 to 
select E-clock as input pulse. 
Case (4) is normal operation because T2CNT # TCR. Case (2) is abnormal operation because 
T2CNT = TCR, and 1/2 E pulse is generated. 
CAUTION 
In the case of outputting the off-and-on toggle pulse from P26, please write “1” to T2E bit of 
TSCR8, when content of T2CNT isn’t equal to one of TCR. To realize above method, please 
write 1” to T2E bit after writing O00” to T2CNT. 
Explanation T2CNT: Timer 2 Up Counter T2E: Timer 2 Enable bit 

: TCR: Timer Constant Resister 


TCSR3 Write Cyci 
(T2E = 1) o TCR=N,CKS1=0 ,CKSO=0 are set. 


re 


CASE @ | normal operation : : : : : : : : : : : 


Timer Counter 


Timer Counter 


1/2 E pulse; 





Figure 1. The Timing Chart of Timer 2 Counter and P26 (T OUTS) 
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Section 6. Serial Communications Interface 


The serial communications interface (SCI) has two operating modes: asynchronous with NRZ format, and 
Clock synchronous. The synchronous mode transfers data synchronized with the serial clock. 


The SCI has the following components (figure 6-1). 


° Transmit/receive control/status register 1 (TRCSR1) 
e Transmit/receive control/status register 2 (TRCSR2) 
¢ Rate/mode control register (RMCR) 

¢ Receive data register (RDR) 

¢ Receive data shift register (RDSR) 

¢ Transmit data register (TDR) 

¢ Transmit data shift register (TDSR) 


Parity Check/ 
= Receive Data Shift Register (RDSR) RDAF | ORFE | TORE jeen | — | ew | cor | sat 


] t 
1 { 
; TRCSR1 


pred Sees eee $11 
Internal Data Bus 


RMCR 
$10 


S| Transmit Data Shift Register (TDSR) Bt Rate Timer 1 FRC 
| Senerater Timer 2 T2CNT 


P24 
(Tx) 


P22 
(SCLK) 





Figure 6-1. SCI Block Diagram 


6.1 Initialization 
The serial I/O hardware must be initialized by the software for operation. The usual procedure follows. 


1. Write the desired operating mode to the RMCR. 
2. Write the desired operating mode to the TRCSR. 
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The TE and RE bits may only be set when P23 and P2, are used for serial I/O only. But TE and RE 


should be 0 when you set the baud rate and operating mode. Clearing and setting TE and RE again 
must take more than one cycle at the current baud rate. If they are set within less than 1 cycle, 
transmit/receive initialization may fail. 


6.2 Asynchronous Mode 


The asynchronous mode has two data formats: 


¢ 1 start bit + 8 data bits + 1 stop bit 
¢ 1 start bit + 9 data bits + 1 stop bit 


In addition,. the ninth bit can be set to 1 in the 9-bit format to form a third format: 
¢ 1 start bit + 8 data bits + 2 stop bits 


6.2.1 Asynchronous Transmission 


Setting TE in the TRCSR enables transmission. P24 becomes the serial output port regardless of the 


state of bit 4 of the DDR. 


Both RMCR and TRCSR should be set to the desired operating conditions. When TE is set, a 10-bit 
preamble (8-bit format) or 11-bit preamble (9-bit format) will be sent. When it is being sent, internal 
synchronization will stabilize, and the transmitter will become ready to send. 


At this point, if the TDR is empty (TDRE = 1), all 1's will be output, to indicate the idle state. If the TDR 
contains data (TDRE = 0), the data is sent to the transmit data shift register, and transmission begins. 


During transmission, first a 0 start bit is sent. Then 8 or 9 bits of data, starting at bit 0, are transmitted, 
followed by a stop bit of 1. 


When the TDR is empty, hardware sets the TDRE flag bit. If the CPU doesn't respond to the TDRE flag 
before the next normal transfer should start, the transmitter sends 1's (instead of the 0 start bit) until data 
is provided to the data register. While the TDRE is set, the transmitter will not send a 0. 


6.2.2 Asynchronous Reception 


Setting the RE bit enables reception. P23 becomes the serial input port, regardless of the state of bit 3 
of the DDR. The contents of TRCSR and RMCR select the data receive operating mode. The first 0 


(space) synchronizes the receive bit flow. Each bit of the following data will be strobed in the middle. 
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If the stop bit is not 1,-the receiver assumes a framing error, and sets ORFE. When a framing error 

occurs, the receiver transfers the data to the receive data register and the CPU can read the data that 
caused the error. This makes it possible to detect line breaks. 

If the stop bit is 1, the data is transferred to the receive data register and the interrupt flag RDRF is set. If / 
the RDRFF is still set when the stop bit of the next data is received, the receiver sets ORFE to indicate an 
overrun. 


When the CPU reads the RDR in response to the RDRF or ORFE in the TRCSR, the RDRF or ORFE bit 
is cleared to 0. 


6.2.3 Asynchronous Clock Source 
When using an iniernal clock for asynchronous serial I/O, keep the following in mind: 


¢ Set CC1 and CCO to 1 and 0, respectively (table 6-3). 

¢ Aclock will be generated regardiess of the value of TE and RE. 
¢ The maximum clock rate is E/16. 

° The output clock rate is the same as the bit rate. 


When using an external clock, keep the following in mind: 


- Set CC1 and CCO to 1 and 1, respectively. | 
- The external clock frequency should be set to 16 times the baud rate. 
¢« Maximum clock frequency is that of the system clock 


6.3 Clock Synchronous Mode 


In the clock synchronous mode, data transmission is synchronized with a clock pulse. The SCI has a fully 
independent transmitter and receiver, which make full duplex asynchronous operation possible. 
Therefore, in synchronous mode, the only clock I/O pin is P29, so simultaneous transmit and receive is 
not available. In synchronous mode, TE and RE should not be set to 1. at the same time. Figure 6-2 is 
the clock and data format for synchronous mode. 7 
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{J} Transmit Direction 
syncroros LI LE LI LILI LIU LE 


clock 


7A Not Valid 


* Transmit data is sent between the negative edge of a synchronous clock and the next negative edge. 
* Receive data is latched at the positive edge. 





Figure 6-2. Clock Synchronous Mode 


6.3.1 Synchronous Transmission 


Setting the TE bit in the TRCSR enables transmission. P24 becomes the serial output port regardless 


of bit 4 inthe DDR. Both the TRCSR and RMCR should be set to the desired operating conditions for 
transmission. 


When external clock input is selected, data is transmitted under the TDRE flag 0 from P24, synchronized 
with 8 clock pulses input to P29. Data is transmitted from bit 0, and TDRE is set when the transmit data 


shift register is empty. More than 8 extemal clock pulses are ignored. 


When the transmitter is selected to output the clock, the SCI outputs the clock and synchronous data 
when the TDRE flag is cleared. 


6.3.2 Synchronous Reception 


Setting the RE bit enables data reception. P23 becomes the serial input port regardless of bit 3 in the 


DDR. TRCSR and RMCR select the data reception operating mode. 


If external clock input is selected, the RE bit should be set while the clock signal at P29 is high. After the 
RE bit is set, 8 external clock pulses and synchronized bits of receive data are input at P29 and P23 


respectively. The SCI puts a bit of data into the receive data shift register at every clock pulse, and sets 
the RDRFF flag after 8 bits have been received. More than 8 pulses are ignored. When the CPU reads 


the received data, RDRF is cleared, and the SCI starts receiving the next data. Clear RDRF 
when P25 is high. 


When the receiver is selected to output the clock, 8 clocks are output to P2> when the RE bit is set. 
The receive data should appear at P23 synchronously with this clock. When the first byte of data is 
received, the SCI sets the RDRF flag. To receive the next byte, clear the RDRF flag to start the clock and 


start receiving. 
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6.4 Transmit/Receive Control Status Register (TRCSR) 


The TRCSR is located at $0011 (figure 6-3). All 8 bits can be read, and bits 0-4 can be written to. 
TRCSR is initialized to $20 during reset. 


7 6 5 4 3 2 1 O 





Figure 6-3. Transmit/Receive Control Status Register 
6.4.1 Wake-Up (WU) 


In a typical multiprocessor configuration, the software protocol provides the destination address as the 
first byte of a message. The wake-up function allows uninterested MCU's to ignore the rest of the 
message. When the WU bit is set, the SCI stops receiving data until the next message. 


The wake-up function is triggered by one frame length of consecutive 1's (10 bits for 8-bit data, 11 bits - 
for 9-bit data). This function is only available in asynchronous mode. Do not set WU in clock 
synchronous mode. Receiving these consecutive 1's wakes up the SCI and clears WU. The SCI starts © 
receiving data. The RE flag should be set before WU is set. Bit 0. 


6.4.2 Transmit Enable (TE) 


When TE is set, trans ™it data will appear at P24 after a 1-frame preamble in asynchronous transmission, 
or immediately in clock synchronous transmission. P2, will be the serial output regardless of the state of 


bit 4 of port 2's DDR. If TE is cleared, serial I/O doesn't affect P24. Bit 1. 
6.4.3 Transmit Interrupt Enable (TIE) 


Setting TIE enables TDRE to trigger an internal interrupt (IRQ3). Clearing TIE inhibits the interrupt. Bit 2. 
6.4.4 Receive Enable (RE) 
Setting RE inputs the signal at P23 regardless of the state of bit 3 of port 2's DDR. When RE is cleared, 


serial I/O doesn't affect P23. Bit 3. 
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6.4.5 Receive Interrupt Enable (RIE) 


Setting RIE enables RDRF or ORFE (TRCSR bit 6 or 7) to trigger an internal interrupt (IRQ3). Clearing 
RIE inhibits the interrupt. Bit 4. 


6.4.6 Transmit Data Register Empty (TDRE) 


In asynchronous mode, the SCI sets TDRE when the TDR is transferred to the TDSR. In the clock 
synchronous mode, SCI sets TDRE when the TDSR is empty. TDRE is reset by reading the TRCSR 
and writing new transmit data to the transmit data register. TDRE is set to 1 at reset. Bit 5, read only. 


6.5.7 Overrun/Framing Error (ORFE) 


The SCI sets ORFE when an overrun or framing error is generated during data receive. An overrun error 
occurs when new receive data is ready to be transferred to the RDR, and RDAF is still set. A framing 
error occurs when a stop bit is not 0. ORFE is only affected in asynchronous mode. Reading the RDR 
after reading the TRCSR clears the ORFE. It is cleared at reset. Bit 6, read only. 


6.4.8 Receive Data Register Full (RDRF) 


RDRFF is set when the RDSR is transferred to the RDR. Reading the RDR after reading the TRCSR 
Clears the RDRF. It is cleared at reset. Bit 7, read only. 


Note: When more than 1 of bits 5, 6, and 7 are set, one TRCSR read will clear them all. It is not necessary 
to read the TRCSR once for each bit. 


6.5 Transmit Rate/Mode Control Register (RIICR) 
The RMCR (figure 6-4) controls the following for serial I/O: 


¢ Baud rate 

¢ Clock source 

e Operation mode 
e Data format 


¢ P29 function 


In addition, if the 9-bit asynchronous format is used, RMCR holds the ninth bit. All bits can be read, and 
all bits can be written to, except bit 7 (RD8). 
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Figure 6-4. Transfer Rate/Mode Control Register 


6.5.1 Speed Select (SSO, SS1, SS2) 


SS0-SS2 control the baud rate used for the SCI. Table 6-1 lists the available baud rates. The timer 1 
FRC (SS2 = 0) and the timer 2 upcounter (SS2 = 1) provide the internal clock to the SCI. When SS2 is 
set, timer 2 functions as the baud rate generator. Timer 2 generates a baud rate dependent on TCONR 
as shown in table 6-2. Bits 0, 1, and 5. | 


Table 6-1. SCI Bit Times and Transfer Rates 


Asynchronous 
SSO SS1 
0 0 0 
0 1 
0 1 0 
0 1 1 
1 X X 
Note: 


SS2 


XTAL 


E/16 
E/128 
E/1024 
E/4096 


2.4576 MHz 
614.4 kHz 


26 y1s/38400 baud 
208 1s/4800 baud 
1.67 ms/600 baud 
6.67 ms/150 baud 


Note 1 


4.0 MHz 
1.0 MHz 


16 1s/62500 baud 


128 1s/7812.5 baud 


1.024 ms/976.6 baud 
4.096 ms/244.1 baud 


Note 1 


1. When SS2 = 1, timer 2 is the SCI clock. The baud rate is as follows: 
Baud rate = f(32(TCONR +1)] 
Where: 

= timer 2 input clock frequency 
TCONR = contents of timer constant register, 0-255 
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4.9152 MHz 
1.2288 MHz 


13 ps/76800 baud 


104.2 1s/9600 baud 
833.3 ms/1200 baud 
3.333 ms/300 baud 


Note 1 


Table 6-1. SCI Bit Times and Transfer Rates (cont.) 


Clock Synchronous (Note 1) 

















XTAL 4.0 MHz 6.0 MHz 8.0 MHz 12.0 MHz 
SS2 SS1 SSO E 1.0 MHz 1.5 MHz 2.0 MHz 3.0 MHz 
0 oO 0 E/2 2 us/bit 1.33 ps/bit 1 ps/bit 0.667 s/bit 
0 oOo 1 E/16 16 ss/bit 10.7 ps/bit 8 s/bit 5.33 ws/bit 
o 1 0 E128 128 yshit 85.3 ps/bit 64 ys/bit 42.7 ws/bit 
0 1 1 E/512 512 ushbit 341 us/bit 256 us/bit 171 ps/bit 
1 X X Note 2 Note 2 Note 2 Note 2 





Notes: 
1. Bit rates for internal clock operation. External clock can operate from DC to 1/2 system clock 
frequency. 
2. When SS2 is 1, timer 2 is the SCI clock. The bit rate is as follows: 
Bit rate (us/bit)= 4(TCONR + 1)/ 
Where: 
f = timer 2 input clock frequency 
TCONR = contents of timer constant register, 0-255 


Table 6-2. Baud Rate and Time Constant Register Example 


XTAL Frequency 


Baud Rate 2.4576MHz  3.6864MHz 4.0 MHz 4.9152 MHz 8.0 MHz 12.0 MHz 
110 (note 1) 21 32 35 43 70 106 
150 127 191 207 255 51 77 
300 63 95 103 127 207 ~—s«838 
600 31 AT 51 63 103-155 
1200 15 23 25 31 5177 
2400 7 11 12 15 25 38 
4800 3 5 7 12 19 
9600 1 2 3 7 9 
19200 0 1 

38400 0 

Note: 


1. E/8 is used as the clock for 110 baud, E is used for all other baud rates. 
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6.5.2 Clock Control/Format Select (CCO, CC1, CC2) 


CCO, CC1, and CC2 control the clock source and data format (table 6-3). They are cleared during reset, 


so the MCU will be in clock synchronous mode with external clock. Therefore, P2> starts out as a clock 


input. To use P29 as an output port, set bit 2 of the port 2 DDR to 1 and set CC1 and CC0 to 0, 1. Bits 2, 
3, and 4. 


Table 6-3. SCI Format and Clock Source Control 


CC2 CC1 CCO Format Mode Clock Source | P29 

0 0 0 8-bitdata | Clocksynchronous — External Clock input 

0 0 1 8-bit data Asynchronous Internal Not used 

0 1 0 8-bit data § Asynchronous Internal Clock output (note 1) 
0 1 1 8-bit data Asynchronous ° External Clock input 

1 0 0 8-bitdata Clock synchronous __ Internal Clock output 

1 0 1 7-bit data Asynchronous Internal Not used 

1 1 0 7-bit data Asynchronous Internal Clock output (note 1) 
1 1 1 7-bit data Asynchronous External Clock input 

Note: 


AG Clock output regardless of bits TE and RE of TRCSR. 


6.6 SCI Receiving Margin 
The receiving margin for the SCI is as follows. 


Allowable deviation of bit error (t - t0)A0 = +43.7% 
Allowable deviation of character error (T-TO)/TO = +4.37% 


T, TO, t, and t0 are defined in figure 6-5. When a modem is used for communication, waveform distortion 
may exceed the allowable value, depending on the modem and channel. 
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Real Waveform 











START 1 2 3 4 5 


Ideal Waveform | | | | | | | | | 


| Bit length Jot. 


Character length T 


— 
a. 










is 8 STOP 


Figure 6-5. Bit and Character Error 


6.7 SCI Status Flags 


Table 6-4 shows set and clear conditions of each status flag in the SCI. 


If flag set and clear conditions occur at the same time, the SCI flags will be cleared. 


Table 6-4. SCI Status Flags 


Flag 
SCl RDRF 


ORFE 


TDRE 


PER 


Set Condition 
- RDSR — RDR 


- Framing error (async mode). 
Stop bit = O 

- Overrun error (async mode). 
RDSR — RDR when RDRF = 1 


- TDR — TDSR (async mode) 
- TDSR is empty (clock sync 
mode) 


- PEN = 1 
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Clear Condition 
- Read TRCSR1 or TRCSR2, then 


RDR 

- RES = 0 

- Read TRCSR1 or TRCSR2, then 
RDR 

- RES = 0 


- Read TRCSR1 or TRCSR2, then 


write to TDR 


- Read TRCSR2, then RDR 


RES = 0 
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6.8 Precaution for clock-synchronous serial communication interface 


When transmitting through clock-synchronous serial communication interface, TE bit should 
not be cleared with TDRE of TRCSR ($11) is “O”. 


The TDRE set and clear conditions of SCI are shown as follows. 


TDRE 


Set Condition Clear Condition 
1. TDR — transmit shift register When writing to TDR after TRCSR read, 
(asynchronous) with TDRE = 1, TDRE is cleared. 


2. Transmit shift register is empty. 
(clock-synchronous) | 


3. RES = 0 


If transmit data is written to TDR, and then TE bit is cleared with TDRE = 0 to stop 
transmitting, TDRE remains “0”. 


In this case, even if TE bit is set and transmit data is written again, the TDR data is not 


transmitted. 


Please note that TE bit must be cleared after the last data has been transmitted. 


(This caution is not applied to asynchronous serial communication interface.) 
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Section 7. HD63701Y0 Programmable ROM (EPROM) 


Programmable ROM Operation 


The HD63701 Y0’s on-chip EPROM is programmed in 
the PROM mode (figures 37 and 38). PROM mode is set 
by bringing MP), MP,, and STBY low. In PROM mode, 
the MCU doesn’t operate. It can be programmed like a 





Address 
EAo— EA? 


Address 


P42—P4o EAs— EAs 





standard 27256 EPROM using a standard PROM 
programmer and a socket adapter. Table 18 lists 
recommended PROM programmers and socket adapters. 


Addresses 
in PROM mode 


$0000 


Addresses 
in MCU mode 


WD 


Internal PROM 


SFFFF $3FFF 


(Note) 


When reading this 
address space, 
$FF is output. 


Figure 7.1 PROM Mode Functional Diagram and Memory Map 


Table 7.1 PROM Programmers and Socket Adapters 


PROM Programmer 


Socket Adapter 


Type Name 

Maker Type Name Maker DP-64S, DC-64S FP-64 CP-68 
DATA 1/0 1218 Hitachi HS31YESS11H HS31YESFO1H HS31 YESCO1H 

22B 

29B 

Table 7.2 PROM Mode Selection 
Pin 
Mode | CE OE Vpp EQo—E07 
Programming Low High Vpp Data input 
Verify High Low Vpp Data output 
Programming inhibited High High Vpp High impedance 
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jis 43] J EA 
7463701 OC EA 
=j,6(DC-645) 


(Top View) 





Figure 7-2. PROM Mode Pin Arrangement 


7.1 Programming and Verification 
When the CE pin is held low after the programming voltage (Vpp) is applied, data can be programmed in 


PROM one byte at a time through port 3. To verify the data, hold the Vpp/OE and CE pins low after 


programming, and the programmed data will be output from port 3. 


When CE is returned high, port 3 will be high impedance, and PROM programming/verification will be 
inhibited. 

Programming precautions: The PROM memory cells should be programmed under specific voltage and 
timing conditions. The higher the program voltage and the longer the program pulse is applied, the 


more electrons will be injected into the floating gate. However, if an overvoltage is applied to Vpp, the 


p-n junction may be permanently damaged. Pay particular attention to PROM programmer overshot. 

Negative voltage noise will cause a parasitic transistor effect, which may reduce breakdown voltage. 

The address range must be $000 through $3FFF because the on-chip EPROM is 16K bytes. Fill remainder 

of EPROM area with FFFF for PROM programmer to correctly verify. 

The HD63701Y0 is connected electrically to the PROM programmer through a socket adapter. Therefore, 

pay attention to the following: | 

1. Confirm that the socket adapter is firmly fixed on the PROM programmer. 

2. Donot touch the socket adapter or the LSI during programming. Mis-programming can be caused 
by poor contacts. | 
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7.2 Erasing (Window Package) 
The EPROM is erased by exposing the LSI to ultraviolet light. All erased bits are in 1’s. 


The conditions for erasing are: ultraviolet light with wavelength of 2537 A, and a minimum irradiation of 
15 W-s/cm2. These conditions are satisfied by exposing the LSI to an ultraviolet light rated at 12,000 
uwW/cm2 for 15-20 minutes, at a distance of 1 inch. 


7.3 Characteristics and Applications 
7.3.1 Principles of Programming/Erasing 


The HD63701Y0’s memory cells are the same as an EPROM’s. Therefore they are programmed by 
applying high voltage to, control gates and drains, which injects hot electrons into the floating gate (figure 
7-3). The condensed electrons in the floating gate are stable, surrounded by an energy barrier of SiO, film. 
Such a cell becomes a 0 bit due to the memory threshold voltage change. A cell with no condensed 


electrons at its floating gate appears as a 1 bit. 


Control gate Control gate 


Floating gate Floating gate 
DOCCE CI Drain Drain 


The programmed cell (0) The erased cell (1) 





Figure 7-3. Cross-Section of EPROM Memory Cell 


The electron charge in memory cells may decrease as time goes by. This can be caused by: 


1. Ultraviolet light, discharged by photo-emitting electrons (erasure principle) 
2. Heat, discharged by thermal emitting electrons 
3. High voltage, discharged by a high electric field at the control gate or drain 


If the oxide film covering a floating gate is defective, the erasure rate is great. Normally, electron erasure 
does not occur, because such defective devices are found and removed during testing. 
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7.3.2 Window-Type Package Precautions 


Glass Erasure Window: If the glass window comes in contact with plastic or anything with a static 
charge, the LSI may malfunction due to the electrostatic charge on the surface of the window. If this 
occurs, exposing the LSI to ultraviolet light for a few minutes neutralizes the charge, and restores the 
LSI to normal operation. However, charge stored in the floating gate decreases at the same time, so 


reprogramming is recommended. 


Electrostatic charge buildup on the window is a fundamental cause of malfunctions. Measures for its 


prevention are the same as those for preventing electrostatic breakdown: 


Operators should be grounded when handling equipment. 
Do not rub the glass window with plastics. 


Be careful of coolant sprays, which may contain a few ions. 


SOS Soe a ae 


The ultraviolet shading label (which includes conductive material) effectively neutralizes charge. 


Ultraviolet Shading Label: If the LSI is exposed to fluorescent light or sunlight, its memory 

contents may be erased by the small quantity of ultraviolet light in these sources. In strong light, the 
MCU may fail under the influence of photocurrent. To prevent these problems, it is recommended that 
the device be used with an ultraviolet shading label covering the erasure window after programming. 


Special labels are sald for this pumpose. They contain metal to absorb ultraviolet light. When choosing a 
label, note the following: 


1. Adhesion (mechanical intensity)—Re-use and dust reduce adhesion. Peeling off a label may cause 
Static electricity. Therefore, erasing and rewriting is recommended after peeling. Sticking a new 
label over the old one is better than replacing a label. 


2. Allowable temperature range—The allowable environmental temperature range of the label should 
be noted. If it is used under conditions outside this range, the paste may stiffen or adhere to the 
label, causing paste to remain on the window when the label is removed. 


3. Moisture resistance—The allowable moisture range and environmental conditions of the label 
should be noted. It is difficult to find a shade label applicable to all conditions. The proper label 
should be selected depending on the intended use of the MCU. 
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Section 8. Applications 


8.1 HD6301Y0 in Expanded Mode 
Figure 8-1 shows a microcomputer system using all CMOS peripheral LSI’s as an application 
example of the HD6301Y0O in the expanded mode (modes 1, 2). 


Ports 1 and 4 are used for address output, and port 3 is used for data I/O. The system is controlled by 
directly connecting RD and WR as memory control signals and R/W and E as peripheral controls. 


Address decoder 








CMOS PIA CMOS ACIA 
>| CS; 


HD6350 
Serial _ 
interface 


Address bus 


Data bus 


HM6264A HN27C64 HN613256 
8k byte of S-RAM 8k byte of EPROM 32k byte of Mask ROM - 


Figure 8-1. All CMOS Microcomputer System 
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8.2 HD6301Y0 in Single-Chip Mode 


Figure 8-2 shows a printer controller using the HD6301 YO in the single-chip mode (mode 3). 


The HD6301Y0 controls a 16-dot printer using I/O lines as its ports. Data from the host is 
transferred to the MCU through the serial interface or through a Centronics interface at port 3. 


Centronics | 
interface Latch 


STROB 


Serial interface 
Host CR Motor driver 
computer . 
system 


LF Motor driver 
Panel 
switch . . 2 
display Position detector 


Figure 8-2. Printer Controller 


8.3 Timer Applications 


8.3.1 Timer 1 


Timer 1 is a 16-bit programmable timer with the same architecture as the timer on the HD6301V1, but 
with an output compare register added. Timer 1 can perform the following four operations: 


Waveform generation or interval timing using output compare register 1 (OCR1) 
Waveform generation or interval timing using output compare register 2 (OCR2) 
Pulse width or pulse cycle measurement using the input capture register 
Interval timing with overflow interrupt 
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Waveform Generation. The values of the output compare registers (OCR1, OCR2) are compared 
with the free-running counter (FRC) at every E cycle. When a match occurs, an output compare flag 


(OCF1, OCF2) is set. When an output enable bit (OE1E, OE2E) is set, the value of the output level bit 
(OLVL1, OLVL2) is output at port 2 (Tout1: P24, Tout2: P25). Figure 9-3 is a flowchart for OCR1 


waveform generation. 


START 


OE1E=1 Set P2, to timer output pin 
OLVL1= 1 Set timer output, 1 to OLVL1 


Set O-interval-time B to OCR1 


Clear OCF1 and add 1-interval-time A to OCR1 


OCR1=OCR1i+8B Clear OCF1 and add O-interval-time B to OCR1 
OLVL1=1 


Output Waveform (P2,) 
Start 


TN 


Figure 8-3. OCR1 Waveform Generation 





Pulse Width Measurement. The input capture register (ICR) latches the free-running counter value 
at the transition of the external input signal, measuring the pulse width or cycle. Figure 8-4 
is a flowchart of pulse width measurement. 
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Detect input rising edge 


(M )=ICR Store the ICR to M, and clear ICF 


ae ee ate ee ——- Detect Input falling edge 


(M,)=ICR Store the ICR to M, and clear ICF 


A= (M,)— (M,) Pulse width A= (M,)— (M,) 


Input Waveform | | 


Figure 8-4. ICR Pulse Width Measurement 


8.3.2 Timer 2 


The 8-bit reloadable timer provides such functions as an external event counter, interval timer, waveform 
generator, and SCI baud rate generator. 


External Event Counter. Operate timer 2 as an external event counter by setting input clock select, 
CKS0 and CKS1, to external clock and writing 1 into T2E. The timer 2 upcounter is incremented by the 
external clock's rising edge. Figure 9-5 shows the routine that generates an interrupt after N external 
events occur (where N is an integer between 1 and 256). 
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8.3.2 Timer 2 


The 8-bit reloadable timer provides such functions as an external event counter, interval timer, waveform 
generator, and SCI baud rate generator. 


External Event Counter. Operate timer 2 as an external event counter by setting input clock select, 
CKSO and CKS1, to external clock and writing 1 into T2E. The timer 2 upcounter is incremented by the 


external clock's rising edge. Figure 9-5 shows the routine that generates an interrupt after N external 
events occur (where N is an integer between 1 and 256). 


START Interrupt routine 


CKS1=1, CKSO=1 _ External clock input Clear CMF —---— Write 0 into CMF. 
ECMI=1 Interrupt enable 


INTERRUPT 
TCONR=N- 1 —-—--* Set TCONR ROUTINE 


—-—-—- Timer 2 enable 


MAIN 
ROUTINE 


Input signal aes oe See ep Ce ees 2 ee ce 


CMF 


een Generates CMI 
* Sets N—1 in the TCONR when the external event counter 


value which generates the interrupt is N. 





Figure 8-5. External Event Counter 


Square-Wave Generator. Timer 2 can generate a continuous square wave without software 
supervision. Figure 8-6 shows this routine. 


START 


CKS1=1, CKSO=1 Select input clock | Ef LL. 
TOS1=0, TOSO= 1 - 


-~---- Set toggle output 


pnt te 4 
TCONR=N-1 * Set TCONR 


* Set N—1 in the TCONR, when the half cycle 
of square waveform is N. 


----- Timer 2 enable 





Figure 8-6. Square-Wave Generator 
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8.4 SCI Applications 


8.4.1 Timer 2 Baud Rate Generator 

The SCi can use six kinds of clock source: timer 1's FRC (four kinds), timer 2, and an external clock. The 
timer 1 baud rate clocks are not adjustable, but timer 2 can provide any baud rate. Figure 8-7 shows how 
timer 2 can provide the baud rate. 


START 


CKS1 and CKS2 select E or E/8 according to the baud rate. 
Set CKS1,CKSO Value of n to TCONR is 
TCONR=N f 
T2E=1 n 


=———_________.— +; __ ft input clock frequency 
32 baud rate n: 0 to 255 


SS2= 1 
Set CC2, CC1, Select timer 2 as a clock source. 
cco Select transfer format. 


1BitTime =f _ To initialize the SCI, set TE and RE after more than 
Delay 1 bit cycle at the required baud rate. 
Set TE, RE 


Figure 8-7. Timer 2 as Baud Rate Generator 





8.4.2 Interface between HD6301Y0 and HD6305X0 


An HD6301Y0 can interface to an HD6305X0 in the clock synchronous mode. This gives 99 
I/O lines, suitable for systems requiring many I/O lines. Figure 8-8 shows an example of this 


interface. 
( 


Hand Shake Line 


HD6301Y0 HD6305X0 





Figure 8-8. HD6301Y0 to HD6305X0O Interface 


Employing the clock synchronous mode enables the HD6301 YO to interface easily to 
peripheral devices (A/D converter, real-time clock, etc) which use a clock synchronous 
interface, as well as to the HD6305X0. 
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8.4.3 I/O Expansion 


The SCI can be used in the clock synchronous mode to supplement the available parallel I/O ports. Use 
an external shift register to perform the serial-to-parallel conversion. Figure8-9 shows this kind of I/O 
expansion. 


Output Data 


Q, Q, Q, Q; Q, Q, Q, Q, 
74LS377 G 
D, D, D, D, D, D, D, D, 


Ox Qs OO, Oe 0; GO, 0, 


74LS164 
CK 


Output Ports 


Input Data 


H GF —€E DCB A 


ai 74LS165 CLK INH 


Input Ports 





Figure 8-9. I/O Expansion in Clock Synchronous Mode 


8.4.4 SCI Multiplexer 


Use an analog multiplexer as shown in figure8-1 Oto use the SCI with both an asynchronous and a clock 
synchronous device, such as an HD6305X0 and an RS-232C. 


© HITACHI 
599 


HD14503 
Analog MPXer 


HD6305X0 


etc. 


RS-232C 
etc. 





Figure 8-10. Multiplexed SCI 
8.5 Lowering Operating Current | 


8.5.1 Lowering Operating Frequency 


The HD6301 YO/HD6303Y operating current is approximately proportional to the operating 
frequency (figure 8-11). Therefore, if the system does not require a high-speed MCU, power 


can be reduced by lowering the operating frequency. 


< 
E 
Cc 
& 
a 
E 
po] 
” 
c 
re) 
6) 
5 
E. 
b> | 
O 


Operating Frequency (MHz) 





Figure 8-11. Operating Frequency and Current (Typical) 
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8.5.2 Sleep Mode 


The SLP instruction puts the MCU into the sleep mode. In the sleep mode, current consumption is 
reduced to one-fourth to one-fifth of that in the operating state.When the CPU acknowledges an 
interrupt request, it cancels the sleep mode. The average power consumption can be reduced by 
putting the CPU in sleep mode whenever it doesn't actually execute any instructions, such as in 
interrupt wait state or polling. Figure8-12shows a routine which wakes the CPU up every 65 ms, using 
the overflow interrupt of the timer 1 FRC. 


START 


Initialize Timer 1 ~el the Timer 1 as the 65-ms interval 
timer using FRC overflow interrupt. 


Interrupt wait state. 


MAIN ROUTINE When the main routine processing time is 1 ms, 
average operating current log is 1.58mA (f= 1MHz). 


— 16x 65+7%x1 


66 
FRC Clear = 1.58 [mA] (f= 1MHz) 


loc 





Figure 8-12. Low Power Consumption Using the Sleep Mode 


8.5.3 Standby Mode 


Bringing STBY (pin 7) low puts the MCU into standby mode. In standby mode, the oscillator stops and 
the MCU goes into the reset state. The contents of RAM are maintained as long as Vcc is greater than 


or equal to 2 V. In standby mode, current consumption is reduced to a few pA. RAM can be maintained 
by battery. 


Bringing STBY high cancels standby mode. The MCU releases the reset state and starts oscillation. 
RES (pin 6) should be held low for at least the oscillation stabilization time (tac) after STBY high. Figure 


8-13 gives an example of a circuit that sets standby from software. Figure 8-14 shows the 
timing for this circuit, and figure 8-15 is an operating flowchart. 
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Standby mode cancel 


(External input) Rr-Cr > 20ms 





Figure 8-13. Standby Circuit Example 


PORT aan 


Standby mode $$$ 
cancel | 
(External input) 
STBY | ee 


1 
RES ! ' 
Fe ee ee 
pa —eond 
1 t 
Oscillation stability 


“PORT goes to the high-impedance state with STBY low, so it is pulled high by the pull-up resistor. 





Figure 8-14. Standby Timing 


Standby 
Sequence 


Restart 
Standby mode 
Execution cancel request 
finished 


STBY = High 
PORT = Low 


(20ms) 


Standby mode 





Figure 8-15. Standby Circuit Flowchart 
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8.6 Memory Ready Application | 


The memory ready function allows the MCU to access low-speed memories or low-speed 


devices. Figure 8-16 shows a circuit example, and figure 8-17 is its timing chart. 


(oe ng 


Address Bus 
4-Bit binary 
counter HD74LS161| | /OW-speed 
mask ROM 
Carry ox HN61256 
Clear a 
J 


The HN61 256 is located 
in $4000 to $BFFF. 





Figure 8-16. Low-Speed Memory Access Circuit 





Figure 8-17. Memory Ready Bus Timing 
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8.7 Halt Application 


The halt function enables the MCU in the expanded mode to interface with a DMAC (HD6844) and 
execute DMA (figure 8-18). 


m 
o>) 


i 


Ea 

a 

= 
Address Bus 
Data Bus 


; 
Ud 


Memory Unit 


I/O Device Controller 


HD6844 dopMa 
R/W 
CS/TxAKB 


va 


TxSTB 
TxRQ, 


, 
mee 





Figure 8-18. One-Channel DMAC Interface Example 
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8.8 RD, WR Application 


RD and WR, as well as E and RW, can act as external interface signals. RD and WR allow the MCU to 
easily interface with the 80xx family peripherals as well as with the 6800 series. Figure8-19shows an 
example of an interface between an MCU and an 8255. 





Figure 8-19. HD6301Y0 and 8255 Interface 


8.9 LCD-II Interface Application 


Figure 8-20 and 8-21 show examples of interfaces between an HD6301Y0 and a liquid crystal 
driver (LCD-II)..The interface lines are TTL compatible. The HD6301Y0 in the expanded mode 
in figure 8-20 interfaces with the LCD-II directly through the external bus lines. Port 3 
connects to the LCD-II data bus, R/W connects to R/W, Ao connects to RS, and the rest of the 
address bus is decoded and ANDed with E to connect with E on the LCD-Il. 


The HD6301/Y0 in the single-chip mode in figure 8-21 interfaces with the LCD-II through the 
I/O port. The read/write operation should be performed with care for the timing of the LCD-IIE 
Signal and others. 
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1 16 “ 
Address decoder : OM 
RS HD. i 
LCD-II (HD44780) Connecting 


i: a 
erase limpneas SEG 1—-SEG,, 


to the liquid 
crystal display 


‘DB,—DB, 


COM,—COM,, 


Connecting 
to the liquid 
crystal display 


LCD-I! (HD44780) 


SEG ,—SEG,, 
DB,—DB, 





Figure 8-21. LCD-II Interface, Single-Chip Mode 


8.10 Oscillation Circuit Board Design 


Keep the following rules in mind when designing the circuit to connect the crystal resonator 
with the XTAL and EXTAL pins (figure 8-22, 8-23). 


1. The crystal and load capacitors should be as close to the LSI as possible. External noise at the 
XTAL and EXTAL pins will disturb normal oscillation. 


2. Keep the lines from XTAL and E as far apart as possible. Avoid parallel wiring. Interference from E 
to XTAL will disturb normal oscillation. 


3. Do not allow signal or power lines to cross or run closely parallel to the oscillator lines (signals A, B, C 
in figure 8-22). They will disturb normal oscillation. Keep the resistance between XTAL and EXTAL 
pins and the next nearest pins greater than 10 MQ. 
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-23. Oscillation Circuit Board Design Example 
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Appendix |. Electrical Characteristics 
1.1 HD6301Y0, HD63A01 YO, HD63B01Y0, HD63C01Y0 Electrical Characteristics 


Absolute Maximum Ratings 





Item Symbol Value Unit 

Supply voltage Voc —0.3 to +7.0 V 

Input voltage Vin —0.3 to Vec+0.3 V 

Operating temperature Topr | -—20 to +70 °C 

Storage temperature Tstg is —55 to +150 °C 
Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the- 
normal operation, we recommend Vin, Vour! Vss (Vin OF Vou) SVce. 


Electrical Characteristics 


DC Characteristics 
(Vcc =5.0 V+ 10%, f=0.1 to 3.0 MHz, Vss =0 V, Ta=-20 to + 70°C) 


Item Symbol Min Typ Max Unit Test Condition 
Input high voltage RES, STBY, Vi Vec—0.5 Vect+0.3 V 
EXTAL . Vcc X0.7 Vect0.3 V 
Other inputs 2.0 Vec+0.3 V 
Input low voltage All other inputs VIL —0.3 0.8 V 
Input leakage current § RES, NMI, STBY, HinI 10 ywA  Vin=0.5 to Vec—0.5V 
MPo, MP4 : 
Three state Ag-A15,D0-D7, RD, [I zs) 1.0 uA Vin=0.5 to Voc—0.5 V 
leakage current WR, R/W, Ports 2, 5, 6 
Output high voltage Vou 2.4 V loo = — 200 nA 
Vcc —0.7 V loH=—-10 nA 
Output low voltage Vot 0.4 V loL=1.6 mA 
Darlington drive Ports 2, 6 —lou 1.0 10.0 mA Vout=1.5 V 
current 
Input capacitance All other inputs Cr 12.5 pF Vin=0 V, f=1 MHz, 
Ta=25°C 
Standby current Not operating Istp 3.0 15.0 nA 
Current dissipation! Isip 15 . 30 mA Sleeping (f=1 MHz?) 
2.3 45 mA — Sleeping (f=1.5 MHz?) 
3.0.. 60 mA Sleeping (f=2 MHz?) 
4.5 9.0 mA Sleeping (f=3 MHz?) 
lec 7.0. 10.0 mA. Operating (f=1 MHz?) 
10.5 15.0 mA Operating (f=1.5 MHz?) 
14.0 20.0 mA = Operating (f=2 MHz?) 
21.0 30.0 mA Operating (f=3 MHz2) 
RAM standby voltage VRAM 2.0 V 
Notes : 


1.) Vin min=Vcc—1.0V, Vi, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=x MHz) =typ. value (f=1 MHz) xx 
max. value (f=x MHz) =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
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AC Characteristics 
(Vcc = 5.0 V+ 10%, f=0.1 to 3.0 MHz, Vss=0 V, Ta=-20 to + 70°C, unless otherwise noted.) 


Bus Timing 
































HD6301 YO HD63A01Y0 HD63B01 YO HD63C01Y0 

Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit cea 
Cycle time teyc 1 10 0.666 10 0.5 10 0.333 10 us Fig. 1-1 
Enable rise time ter 25 25 25 20 ns 
Enable fal! time tet 25 25 25 20 ons 
Enable pulse width high level! PWeH 450 300 220 140 ns 
Enable pulse width low level! PWeL 450 300 220 140 ns 
Address, R/W delay time? tAD 250 190 160 120 ns 
Data delay time (Write) tppw 200 160 120 100 + =+ns 
Data set-up time (Read) tosr 80 70 60 50 ns 
Address, R/W hold time! taH 80 50 40 20 ns 
Data hold time (Write) tHw 80 50 40 20 ns 

(Read) tHR 0) 0 0 0 ns 
RD, WR pulse width? PWrw 450 300 220 140 ns 
RD, WR delay time tRwD 40 40 40 40 ns 
RD, WR hold time tHRw 20 20 20 20 ~—sns 
UR delay time tDLR 200 160 120 80 ns 
LIR hold time tHLR 10 10 10 5 ns 
MR set-up time! tsMR 400 280 230 170 ns Fig. 1-2 
MR hold time! tHMR 100 70 50 25 ns 
E clock pulse width at MR PWEMR 9 9 9 9 uS 
Processor control set-up time tpcs 200 200 200 100 ns oe ‘i ie 
Processor control rise time tpcr 100 100 100 50 ns fe eer 
Processor control fall time tect 100 100 100 50 ns 
BA delay time tBaA 250 190 160 120 ns Fig. 1-3 
Oscillator stabilization time trRc 20 20 20 20 ms Fig. I-14 
Reset pulse width PWrst 3 3 3 3 teyc 





Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when teyc is minimum (=in 
the highest speed operation). 
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Peripheral Port Timing 


HD6301YO HD63A01YO HD63B01YO HD63C01Y0 





Test 

Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Peripheral data (Ports 1, 2,3 ; 

t 200 200 200 200 ns Fig. !-5 
set-up time 4, 5, 6) PDSU g 
Peripheral data (Ports 1, 2, 3, 

t 200 200 200 200 ns 
hold time 4, 5, 6) oe 
Delay time (From (Ports 1, 2, 3, . 
enable fall edge 4. 5. 6, 7) tPWD 300 300 300 300 ns_ Fig. I-6 
peripheral output) '’ ’ 
erg tts PPC TTPO NT LS SS SSL? 
Input strobe pulse tpwis 200 200 200 200 ns Fig. I-10 
width 
Input data hold port 6) tH 150 150 150 150 ns 
time 
Sa ee ae eS a a Oe a a i a ee ah de ee 
Input data SerlP (Br 6) tis 100 100 100 100 ns 
time 
Outpur ewove tosp1 200 200 200 200 ns Fig. I-11 
time 

tosbD2 


cee nnn NEP RL enn enn ee nnn mt 


Timer, SC! Timing 


HD6301Y0 HD63A01YO HD63B01Y0 HD63C01Y0 

Sec,” Gakic fucks ek sah nhs! SoG: Ga cs “ote” ng Se eee Test 
' 
tem Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwt 2.0 2.0 2.0 2.0 teyc Fig. 1-9 
Delay time (enable positive Figs. I-7, 
transition to timer output) trop a 400 $00) 400 ns 18 
SCI input (Async. mode) tscye «1.0 1.0 1.0 1.0 teyc Fig. 1-9 
clock cycle (Clock syne.) 2.0 2.0 2.0 2.0 teyc Fig. 1-4 


SCI transmit data delay : 
time (Clock sync. mode) —«ETXD 220 220 220 220 ons” Fig. 1-4 


SCI receive data set-up 


time (Clock sync. mode) tsrx 260 260 © 260 260 ns 

SCI receive data hold time 

(Clock sync. mode) tHRX 100 100 100 100 me 

SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tscyc Fig. |-9 
Timer 2 input clock cycle tteyc 2.0 2.0 2.0 2.0 teyc 

Timer 2 input clock pulse width tpwrck 200 200 200 200 ns 

Timer 1 + 2, SCI input clock 

flee time tckr 100 100 100 50 ns 

Timer 1 + 2, SCI input clock 

fall time tcKt 100 100 100 50 ns 


MCU Read 
Do—D7 





Figure I-1. Mode 1, Mode 2 Bus Timing 
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Figure I-2.. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 





Figure I-3. HALT and BA Timing 


2.0V(2.4V)* 
Synchronous Clock 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure I|-4. SCI Clocked Synchronous Timing 
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MCU Read 


[~ MCU Write 


P1o—P1, 
P29—P2, 


P4o—P47 2:0V 
P5o— 
P69—P67 
(Inputs) 
P30—-P37 
(Inputs) 


P1 o—P1 71 P29—P27 
P39—P37, P4p—P47 me Data Valid 
P59—P57, P6y—P6, 
P7>—P74 
(Outputs) 





Figure I-5. Port Data Set-up and Hold Figure I-6. Port Data Delay Times 
Times (MCU Read) (MCU Write) 


2.4V 
: Output 
Timer 1 ompare 
FRC 
P2,, P2s 
Outputs 





Figure l-7. Timer 1 Output Timing Figure I-8. Timer 2 Output Timing 


tis tiH 
Port 6 
tcKt 2 Data 4 Data Valid 
(Input) 
*Timer 2; ttcyc **Timer 1; tPWT 


SCI ;tScyc —- Timer 2; tpWTCK 
SCI; tpWSCK 





Figure I-9. Timer 1°2, SCI Input Clock Figure I-10. Port 6 Input Latch Timing 
Timing | 
Vec 


MCU access of 


Port 6 


Rr=2.2kQ 


Test Point 


1820744) 
or equiv. 


C=90pF for Port 1, Port 3, Port 4, E 
=30pF for Port 2, Port 5, Port 6, Port 7 
R=12kQ for Port 1— Port 7,E 





Figure I-11. Output Strobe Timing Figure I-12. Bus Timing Test Loads 
(TTL Load) 
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Interrupt 


Test 
<-> 


Internal 
Address Bus GRD Gp ae Ge 2a 45S GE Cae om Gee Gin Gas Bie Gee Cae 


. = a 2 Z -6 Vector Vector New 
Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP 6 SB ise PC 


aL pik nr Address Address+1 AddressAddressAddress 
25 3 - 


tecs 


Internal 


Data Bus 
Op | OperandirrelevantPCO- PC8- 1XO- IX8- ACCA ACCB CCR Vector Vector First Inst. of 


Code Op CodeData PC7 PC1i5 1x7 X15 MSB_ LSB interrupt Routine 


Internal 
Read 


Internal 
Write 


Figure I-13. Interrupt Sequence 


* MOM WU ULL iL 


-: ——_— cee 


0.8V 


Fm rt 
a MM AX, 2 a, OD GD GD Gl 
FFFF ‘FFFF FFFF FFFF FFFF FFFE FFFF New PC FFFF  FFFF FFFF 


li asuneengeceme wn aia eoeees 


Internal 


rv SN ANN —? $$$ 279 
° (IW MM FTN PO 
mm IN MMT OO 
= MM AMM 1) js 


First 
PC15 PC7 Instruction 


Figure I-14. Reset Timing 
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1.2 HD6303Y, HD63A03Y, HD63BO3Y, HD63CO3Y Electrical Characteristics 


Absolute Maximum Ratings 


Item Symbol Value Unit 

Supply voltage Vcc —-0.3 to +7.0 V 

Input voltage Vin —0.3 to Vec+0.3 V 

Operating temperature Tope -20 to +70 °C 

Storage temperature Tstg —55 to +150 °C 
Nate: This product has protection circuits in input termina! from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vin, Vou! Vss2 (Vin OF Vout) BVec. 


Electrical Characteristics 


DC Characteristics 
(Vcc =5.0 V+ 10%, f=0.1 to 3.0 MHz, Vss =0 V, Ta=-20 to + 70°C) 





item Symbol Min Typ Max Unit Test Condition 
Input high voltage RES, STBY Vin Vec—0.5 Vect+0.3 V 
EXTAL Vcc X0.7 | Vect+t0.3 V 
Other inputs 2.0 Vect0.3 V 
Input low voltage All other inputs Vit —0.3 0.8*** V 
Input leakage current RES, NMI, STBY, lin] 1.0 BA Vin=0.5 to Vcc—0.5 V 
MPo, MP1 
Three state Ao-Ats, Do-D;, RD litsi| 1.0 HA Vin=0.5 to Vec—0.5 V 
leakage current WR, R/W, Ports 2, 5, 6 
Output high voltage Vou 2.4 V lon=— 200 nA 
Vcec—0.7 V lon=—10 pA 
Output low voltage Vo 0.4 V loL.=1.6 mA 
Darlington drive Ports 2, 6 —lon 1.0 10.0 mA Vout=1.5 V 
current 
Input capacitance All other inputs Gi 12.5 pF Vin= OV, f=1 MHz 
Ta=25°C 
Standby current* Not operating Ista 3.0 15.0 uA 
Current dissipation* IsuP 15 3.0 mA Sleeping (f= 1 MHz**) 
2.3 4.5 mA Sleeping (f= 1.5 MHz**) 
3.0 6.0 mA Sleeping (f=2 MHz**) 
4.5 9.0 mA Sleeping (f=3 MHz**) 
lec 7.0 10.0 mA Operating (f=1 MHz**) 
10.5 15.0 mA Operating (f=1.5 MHz**) 
14.0 20.0 mA Operating (f=2 MHz**) 
21.0 30.0 mA Operating (f=3 MHz**) ~ 
RAM standby voltage VRAM 2.0 V 
Notes : 


»« Vax min=Vec—1L.OV, Vi, max=0.8V (All output terminals are at no load.) 
*« Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=xMHz)  =typ value (f=1 MHz) Xx 
max. value (f=x MHz)  =max. value (f=1 MHz) xx 
(both the sleeping and operating) 


*** — In case of SCLK Input. V, = 0.6V (— 20°C ~ 0°C) 
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AC Characteristics 
(Vcc =5.0 V+ 10%, f=0.1 to 3.0 MHz, Vsg =0 V, Ta=-20 to +70°C) 






































Bus Timing 
HD6303Y HD63A03Y HD63BO3Y HD63CO03Y 
item | Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit eee 
Cycle time tye 1 10 0.666 10 O05 10 0.333 10 ys Fig. 1-15 
Enable rise time ter 25 25 25 20 ns 
Enable fall time tet 25 25 25 20 ns 
Enable pulse width high level! PWeH 450 300 220 140 - ns 
Enable pulse width low level! PWe, 450 300 220 140 ns 
Address, R/W delay time! tap 250 190 160 120 vs 
Data delay time (Write) tppw 200 160 120 100 os 
Data set-up time (Read) tosr 80 70 60 50 ns 
Address, R/W hold time! taH 80 50 40 | 20 | ns 
Data hold time (Write) tyw 70 50 40 20 ns 
(Read) tHR 0 0 0 0 ns 
RD, WR pulse width! PWew 450 300 220 140 ns 
RD, WR delay time tRWD 40 | 40 40 40 ns 
RD, WR hold time tHRW 20 20 20 20 ns 
LIR delay time toLR 200 160 120 80 ns 
OR hold time tHLR 10 10 10 5 ns 
Peripheral read access time! tacc 180 ns 
MR set-up time? .tsmr 400 280 230 170 ns Fig. I-16 
MR hold time? tHMR 100 70 50 : 25 ns 
E clock pulse width at MR PWemr 9 9 9 9 “us 
Processor control set-up time tpcs 200 200 200 100 ns Ae oe 
Processor control rise time tpcr 100 100 100 50 ns ia 16, 
Processor control fall time tect 100 . 100 100 50 ns 
BA delay time tBa 250 190 160 120 ns Fig. 1-17 
Oscillator stabilization time tre 20 . 20 20 20 ms Fig. I-28 
Reset pulse width | PWest 3 3 3 3 teyc 





Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when teyc is minimum (=in 
the highest speed operation). a 
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Peripheral Port Timing 


HD6303Y HDG3A03Y HD63BO3Y HD63CO3Y 




















Test 

Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Peripheral data (Ports 2, 5, tepsu 200 200 200 200 ns Fig. I-19 
set-up time 6) 
Peripheral data (Ports 2, 5, 

t 200 200 200 200 ns 
hold time 6) Ben 
a eg Eg es cg eg a a ee 
Delay time (From 

Ports 2, 5, ; 

enable fall edge te: ) tpWD 300 300 300 300 ns_ Fig. I-20 
peripheral output) ’ 
Input strobe pulse tpwis 200 200 200 200 ns Fig. I-35 
width 
ppl get O%—ponte) tH 150 150 150 150 ns 
time 
pul Cale Ae UP (peric) tls 100 100 100 100 ns 
time 
Output strobe tosp1 200 200 200 200 ns_ Fig. I-25 
time 

tosD2 


a 


Timer, SCI Timing 


HD6303Y HD63A03Y HD63BO03Y HD63CO3Y 

: ; Test 
item Symbol M T i r i 

y in yp Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 2.0 tcye Fig. I-23 
Delay time (enable positive Figs. }-21, 
transition to timer output) ‘Top oe 00 ae we se 1-22 
SCI input (Async. mode) tscye 1.0 1.0 1.0 1.0 teye Fig. I-23 
clock cycle (Clock sync.) 2.0 2.0 2.0 2.0 teye Fig. I-18 
SCI transmit data delay ‘ 
time (Clock syne. mode) tTxD 220 220 220 220 ons. Fig. 1-18 
SCI receive data set-up 
time (Clock sync. mode) ISRX 260 2a0 260 260 2 
SCI receive data hold time 
(Clock sync. mode) THRX 100 100 100 100 ns 
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tScyc Fig. l-23 
Timer 2 input clock cycle tteyc 2.0 2.0 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwtck 200 200 200 200 ns 
Timer 1 + 2, SCi input clock 
Fie fine tCKr 100 100 100 50 ~—ons 
Timer 1 - 2, SCI input clock 
fall time tcf 100 100 | 100 50 ons 
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Ao—Ais, 
R/W 


MCU Read 
Do—D7 





Figure I-15. Bus Timing 
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Figure I-16. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 


Synchronous Clock 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure I-18. SCl Clocked Synchronous Timing 
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MCU Read 


i MCU Write 


P29—P27 
P5o0—P57 


P60—P67 2.0V \4 
(Inputs) 0.8V 


a Data Valid 


(Outputs) 





Figure I-19. Port Data Set-up and Figure I-20. Port Data Delay Times 
Hold Times (MCU Read) (MCU Write) 


2.4V 


Output 


Timer 1 ompare 

FRC 
trop 

P2,, P25 ' 7 4V 

Outputs 0.8V 


Figure l-21. Timer 1 Output Timing Figure |-22. Timer 2 Output Timing 





P5, (iS) 


Port 6 


* * Data 
(Input) 


tcKf 


*Timer 2; ttcyc **Timer 1; tPWT 
SCI; tScyc Timer 2; tPWTCK 
SCl ; tPWSCK 





Figure I-23. Timer 1-2, SCI Input Clock Figure I-24. Port 6 Input Latch Timing 
Timing | 


Vec 


MCU access of Rir=2.2kQ 


Port 6 


peg —_———— tof Test Point 


1820740 
or equiv. 


C=90pF for Do—D7, Ao—Ais, E 
=30pF for Port 2, Port 5, Port 6, RD, WR, R/W, BA, 





OR 
R=12kQ 
Figure I-25. Output Strobe Timing Figure I-26. Bus Timing Test Loads 
(TTL Load) 
© HITACHI 
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Interrupt 


Test 
Co ad 


Internal 

Address Bus Cl. XX Ke OX Re Re KR KK 
Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP=6 sector rene pee. 

NMI, !RQ;, Address Address+ 1 Address AddressAddress 

IRO2, IRQ3 0.8V 


tecs 


Internal 


Data Bus : 
Op OperandirrelevantPCO— PC8- IXO- IX8- ACCA ACCB CCR Vector Vector First Inst. of 


Code Op CodeData PC7 PC15 1x7 1X15 MSB_ LSB _ Interrupt Routine 
Internal 
Read 


Internal 
Write 





Figure |-27. Interrupt Sequence 


f= sttachhalie ind: iced: Meee steal 


—— 5.5V 
4.5V 
nf 
Vec- 0.5V Vec- O. i a 


Vec-0.5V 
0.8V 


a e 5 O 


FFFF FFFF  FFFF 


aie elias 


FFFF FFFF FFFF FFFF FFFF FFFE FRFFF New PC 


= enn hh ee 
7 TC MOMMY TF 


PC8— 


PCO~ First 
PC15 PCc7 Instruction 





Figure I-28. Reset Timing 
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1.3 HD63701Y0, HD637A01Y0, HD637B01Y0 Electrical Characteristics 


Absolute Maximum Ratings 




















“Item Symbol Value Unit 
Supply voltage Vcc —0.3 to +7.0 V 
Vpp voltage Vpp —0.3 to +13.0 V 
Input voltage | Vin —0.3 to Vec+0.3 V 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg | —55 to +125 Cc 

Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vin, Vou: Vss (Vin Or Vou) S Vee. 


Electrical Characteristics 


DC Characteristics 
(Vec=5.0 V + 10%, f=0.1 to 2.0 MHz, Vss=0 V, Ta=O to +70 °C, unless otherwise noted.) 


Item Symbol Min Typ Max Unit Test Condition 
Input high voltage RES, STBY, MPo, MP; Vin Voc—0.5 — Vec+0.3 = V 
EXTAL Voc X 0.7 Vect+0.3 V 
Other inputs 2.0 Vect0.3 V 
Input low voltage RES, MPo, MP1, SCLK(P22)3 Vi. —0.3 0.6 V 
All other inputs —0.3 0.8 Vv 
Input leakage current RES in| 10.0 LA Vin=0.5 to Vcc—0.5 V 
NMI, STBY, MPo, MP 1.0 BA 
Three state Ports 1, 2, 3, 4, lirsi] 1.0 nA Vin=0.5 to Vec—0.5 V 
leakage current 5, 6, 
Output high voltage VoH 2.4 V loH=— 200 vA 
Voc —0.7 V lon=—-10 vA 
Output low voltage VoL 0.4 V lo. =1.6 mA 
Darlington drive Ports 2, 6 —lon 1.0 . 10.0 MA Voyt=1.5 V 
current pe ee 
Input capacitance RES Ca 65 pF Vin=0 V, f=1 MHz, 
All other inputs 12.5 pF Ta=25°C 
Standby current Not operating IstB 3.0 15.0 BA 
“Current dissipation! Isp 1.5 3.0 mA Sleeping (f=1 MHz?) 
23 45 mA Sleeping (f=1.5 MHz?) 
3.0 6.0 mA = Sleeping (f=2 MHz?) 
‘Ico =)——té<“<isi‘(;C«SC «0 SS*é<“i«~sA'~SSCperratting (f= 1 MHZ2) 
10.5 15.0 mA — Operating (f=1.5 MHz?) 
14.0 20.0 mA Operating (f=2 MHz2) 
RAM standby voltage VRAM 2.0 V 
Notes : 


1.) Vin min=V.-—1.0V, Vy, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=xMHz) =typ. value (f=1 MHz) xx 
max. value (f=x MHz) =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
3. Only serial clock use. . 
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AC Characteristics 


(Vcc=5.0 V £10 %, f=0.1 to 2.0 MHz, Vss=0 V, Ta=0 to +70 °C, unless otherwise noted.) 


Bus Timing 











HD63701Y0 HD637A01Y0 HD637B01Y0 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit rest F 
Condition 

Cycle time teyc 1 10 0.666 10 0.5 10 us Fig. 40 
Enable rise time ter 25 25 25 ns 
Enable fall time tet 25 25 25 ns 
Enable pulse width high level! PWeyH 450 300 220 ns 
Enable pulse width low level! PWeL 450 300 220 ns 
Address, R/W delay time! tap 250 190 160 ns 
Data delay time (Write) topw 200 160 120 ns 
Data set-up time (Read) tosr 80 70 60 ns 
Address, R/W hold time? taH 80 50 40 ns 
Data hold time (Write)! tw 80 50 40 ns 

(Read) tHR 0 0 0 ns 
RD, WR pulse width! PWrw 450 300 220 ns 
RD, WR delay time tRWD 40 40 40 ns 
RD, WR hold time tHRW 20 20 20 ns 
LIR delay time toLr 200 160 120 ns 
LIR hold time tHLR 10 10 10 ns 
MR set-up time? tsmR 400 280 230 ns Fig. 41 
MR hold time! tHMR 100 70 50 ns 
E clock pulse width at MR PWemr 9 9 9 “uS 
Processor control set-up time tpcs 200 200 200 ns tae 
Processor control rise time tpcr 100 100 100 ns Figs. 41, 42 
Processor control fall time tpct 100 100 100 ns 
BA delay time tBa 250 190 160 ns Fig. 42 
Oscillator stabilization time tre 20 20 20 ms Fig. 53 
Reset pulse width PWrstT 3 3 3 teyc 


Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when teyc is minimum (=in 
the highest speed operation). 
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Peripheral Port Timing 


HD63701Y0 HD637A01Y0 HD637B01Y0 


; : : ., rest 
item Symbol Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Peripheral data (Ports 1, 2, 3 ; 

t 200 200 200 ns Fig. 44 
set-up time 4, 5, 6) POSU g 
Peripheral data (Ports 1, 2, 3 inci 200 200 200 - 
hold time 4, 5, 6) 
Delay time (F 
Sey aims irom (Ports 1, 2, 3 
enable fall edge to 4, 5, 6, 7) tpwp 300 300 300 ns Fig. 45 
peripheral output) ie 
Input strobe pulse ‘ 
t 2 200 200 Fig. 
width Pwis 200 0 ns Fig. 49 
Input data hold time (Port 6) tin 150 150 150 ns 
input data set-up time (Port 6) tis 100 100 100 ns 
Output strobe dela 
ie x tosp1 200 200 200 ns Fig. 50 
time 
tosp2 
Timer, SCI Timing 
HD63701Y0 HD637A01Y0 HD637B01Y0 
Item Symbol Min = T Max Min T Max Min T Max unit [est 
y yP - a Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 tcyc Fig. 48 
Delay time (enable positive 
400 4 400 Figs. 46, 4 
transition to timer output) trop ve is ‘aes acd 
SCI input (Async, mode) tscyc tee 1.0 1.0 tcye Fig. 48 
clock cycle (Clock sync.) 2.0 2.0 2.0 teye Fig. 43 
SCI transmit data delay 
t 220 220 220 Fig. 43 
time (Clock sync. mode) Loe ie . 
SCI receive data set-up ' 260 260 260 sa 
time (Clock sync. mode) oe 
SCI receive data hold time ' 100 100 100 oe 
(Clock sync. mode) Ene 
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 tscyc Fig. 48 
Timer 2 input clock cycle ttcyc 2.0 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwtck 200 200 200 ns 
Timer 1 + 2, SCI input clock ; 
: ; or re tckr 100 100 100 ns 
rise time 
Timer 1 + 2, SCI input clock t 100 100 100 
fall time on = 
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MCU Read 
Do—D7 





Figure 1-29. Mode 1, Mode 2 Bus Timing 
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Figure 1-30. Memory Ready and E Clock Timing 


Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 


2.0V(2.4V)* 
Synchronous Clock 


tScyc 


Transmit Data 


Receive Data 


*2.0V is high level when clock input. 
2.4V is high level when clock output. 





Figure 1-32. SCI Clocked Synchronous Timing 


J 
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MCU Read 


[ MCU Write 


Plo—P17 
P20—-P27 
P4o—P4; 
P50o—P57 — P1o—P17, P20—P27 
P60—P67 P30—P37, P4o—P47 5 
(Inputs) P50—P57, P6o—P67 6 gy Data Valid 
P30—P37 , P70—P74 - 
(Inputs) 
(Outputs) 





Figure 1-33. Port Data Set-up and Hold Times Figure 1-34. Port Data Delay Times (MCU Write) 


(MCU Read) 
2.4V 
$00 
tTop 


Timer 1 
FRC 





E 
T2CNT 
P2,, P2 
1, P2g P2, 





2.4V , 
Outputs Output 0.8V 
Figure 1-35. Timer 1 Output Timing Figure 1-36. Timer 2 Output Timing 


P5,, (IS) 


Port 6 
Bats Y Data Valid x 


(Input) 


tcKf 


*Timer 2; ttcyc **Timer 1; tPWT 
SCI; tScyc Timer 2; tPWTCK 
SCl ; tPWSCK 





Figure 1-37. Timer 1, 2 SCI Input Clock Timing Figure 1-38. Port 6 Input Latch Timing 


Vcc 


MCU access of Rr=2.2kQ 


Port 6 


aad = Test Point 


1$2074H) 
or equiv. 


C=90pF for Port 1, Port 3, Port 4,€£ 
= 30pF for Port 2, Port 5, Port 6, Port 7 
R=12kQ for Port 1—Port 7, E 





Figure 1-39. Output Strobe Timing Figure 1-40. Bus Timing Test Loads (TTL Load) 
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Interrupt 


Test 
a 


Internal : 
Address Bus (Te xX KX. xX. XK KX KK KKK KK) 
Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 eee vector New 


a ate . P 
NMI, nO RY Address Address+1 AddressAddressAddress 
IRQ2, 3 . 


tecs 


Internal 
Data Bus : 
Op OperandirrelevantPCO— PC8- IxXO- IX8- ACCA ACCB CCR _ Vector Vector First Inst. of 


Code Op CodeData PC7 PC15 {x7 X15 MSB-_ LSB Interrupt Routine 
Internal 


Read 


Internal 
Write 





Figure 1-41. Interrupt Sequence 


Vec— 7 ai 5V 


Vec-0.5V Grau 
fg, er ee 


FFFF ‘FFFF FFFF FFFF FFFF FFFE FFFF New PC FFFF FFFF FFFF 


Internal 


ee IM IMM __, ae a | 

vw TI MMM FX 
© (TFT POO 
we YN EO 
= (MT AMM} ——_)-)-); ————- —_____—- 


PC8— PCO— First 
PC15 PC7 instruction 





Figure 1-42. Reset Timing 
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Programming Electrical Characteristics 


DC Characteristics 
(Vec=6V £0.25 V, Vpp=12.5V+0.3V, Vss=OV, Ta=25°C + 5°C, unless otherwise notes.) 


Item Symbol Min Typ Max Unit Test Condition 
Input high voltage Oo—O7, Ao—A1a, OE, CE Vin 2.2 — Vect+t0.3 V 

Input low voltage Oo—O7, Ao—A1a4, OF, CE Vie -03— 08 V 

Output high voltage Oo—O7 VoH 24 — — V loon= — 200uA 
Output low voltage Oo—07 VoL — — 0.45 V loL.=1.6mA 
Input leakage current Oo—O7, Ao—A14, OE, CE Hol - — 2 uA Vin=5.25V/0.5V 
Vcc current Icc = — 30 mA 

Vpp current Ipp a = 40 mA 


AC Characteristics 
(Vec=6V + 0.25 V, VepP=12.5V+40.3V, Ta=25°C + 5°C, unless otherwise noted.) 
Item Symbol Min Typ Max Unit Test Condition 


Address set-up time tas 2 — = us Fig. 54* 


OE set-up time toes 2 — — us 
Data set-up time tos 2 = = us 
Address hold time taH 0 = = us 
Data hold time tou 2 aes — us 
Output disable delay time tor aaa = 130 ns 
Vpp set-up time tvps 2 = = HS 
Program pulse width tew 0.95 1.0 1.05 ms 
CE pulse width when overprogramming topw 2.85 — 78.75 ms 
Vcc set-up time tvcs 2 = = us 
Data output delay time toe 0 = 500 ns 


Note: *Input Pulse level 0.8~2.2V 
Input rising/falling times 20ns 
{ input : LOV, 2.0V 


Timing reference level \output : 0.8V, 2.0V 


Program 


aa In =p ——_ = 


Address 





Figure 1-43. PROM Programming/Verify timing 
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Appendix Il. Instruction Execution Cycles 


ll.1 Instruction Execution Cycles 


So attention is necessary to the counting of the instruction cycles because it is different from 


the existent one ----. op-code fetch to the next instruction op-code. 


Same bP] men [ewe [|] ome 


IMMEDIATE 





DIRECT 
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Op Code Address+1 
Op Code Address +2 


Op Code Address+1 
Op Code Address+2 
Op Code Address+3 


Op Code Address+1 
Address of Operand 
Op Code Address+2 


Op Code Address+1 
Destination Address 
Op Code Address+2 


Op Code Address+1 
Address of Operand 
Address of Operand+1 
Op Code Address+2 


Op Code Address+1 
Destination Address 
Destination Address+1 
Op Code Address+2 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Jump Address 


Op Code Address+1 
Op Code Address +2 
Address of Operand 

Op Code Address+3 


Op Code Address+1 
Op Code Address+ 2 
Address of Operand 

FFFF 

Address of Operand 

Op Code Address+3 


oOorre OOO 
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Operand Data 
Next Op Code 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address 
Accumulator Data 
Next Op Code 


Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Destination Address (LSB) 


Register Data (MSB) 
Register Data (LSB) 


Next Op Code 


Jump Address (LSB) 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Immediate Data 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


Immediate Data 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


(continued) 


ene ee | ., eee eee 


INDEXED 


(ecole sheet lessen ilershans inet 


1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 


Op Code Address+1 
FFFF 


Jump Address 


Op Code Address+1 
FFFF 

IX + Offset 

Op Code Address+2 


Op Code Address+1 
FFFF 

IX + Offset 

Op Code Address+2 


Op Code Address+1 
FFFF 

IX + Offset 
IX+Offset+1 

Op Code Address+2 


Op Code Address+1 
FFFF 

IX+Offset 
IX+Offset+1 

Op Code Address+2 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 

IX + Offset 


Op Code Address+1 
FFFF 

IX+ Offset 

FFFF 

IX + Offset 

Op Code Address+2 


Op Code Address+1 
Op Code Address+ 2 
FFFF 

IX+ Offset 

Op Code Address+3 


Op Code Address+ 1 
FFFF 

IX + Offset 

IX + Offset 

Op Code Address+2 


Op Code Address+1 
Op Code Address+ 2 
FFFF 

IX+Offset 

FFFF 

IX + Offset 

Op Code Address+3 


—- OF FR Re 


Oorrre O(1(0O00 0F 0/0 FF OC 


oor oo oO/;/0F KF OF O/OrF FF OO 


eneneloonce 
Peeetetenn iekoetene 


orroro°o 
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one lom ne 


Offset 
Restart Address (LSB) 


First Op Code of Jump 
Routine 


Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 


Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 


Offset 

Restart Address (LSB) 
Operand Data 

00 

Next Op Code 


Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 





(continued) 
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ame bP moe [ee] mm] owen 


EXTEND 
















Op Code Address+1 
Op Code Address+2 
Jump Address 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Op Code Address+3 


Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 





ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 





Op Code Address+1 
Op Code Address+2 
Destination Address. 
Op Code Address+3 


Op Code Address+1 
Op Code Address+2 
Address of Operand 

Address of Operand+1 
Op Code Address+3 


Op Code Address+1 
Op Code Address +2 
Destination Address 
Destination Address+ 1 
Op Code Address+3 


Op Code Address+1 
Op Code Address+2 
FFFF 

Stack Pointer 

Stack Pointer—1 
Jump Address 


Op Code Address +1 
Op Code Address +2 
Address of Operand 
FFFF . 
Address of Operand 
Op Code Address+3 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 


Destination Address (MSB). 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 


Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) | 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 

Next Op Code 











ADDD 
CPX  LDD 
LDS LDX 
SUBD 

































oOoro0o Oo 





(continued) 
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Mrsructons [Oveen/Of* | aaamesoue | vat] 6 | we | ct | onto | 


IMPLIED 

ABA ABX 1 1 Next Op Code 

ASL ASLD 

ASR CBA 

CLC CLI 

CLR CLV 

COM DEC 

DES DEX 

INC INS 

INX LSR 

LSRD ROL 

ROR NOP 

SBA SEC 

SEI SEV 

TAB TAP 

TBA TPA 

TST TSX 

TXS 
i 0 Next Op Code 
1 1 Restart Address (LSB) 
1 0 


DAA XGDX 5 1 Op Code Address+1 1 0 
2 FFFF 1 1 
PULA PULB Op Code Address+1 1 0 Next Op Code 
Restart Address (LSB) 


FFFF 
Stack Pointer+1 Data from Stack 

PSHA PSHB Next Op Code 
PULX 


Op Code Address+1 

FFFF Restart Address (LSB) 
Accumulator Data 

PSHX 

Poe 



























Op Code Address+1 








Stack Pointer 
Next Op Code 


Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 

Index Register (MSB) 
Next Op Code 


Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 

First Op Code of Return Routine 


Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 


(continued) 


Op Code Address+1 






Op Code Address+1 
FFFF 

Stack Pointer+1 
Stack Pointer+2 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 

Op Code Address+1 


Op Code Address+1 
FFFF 

Stack Pointer+1 
Stack Pointer+2 
Return Address 


Op Code Address+1 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
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Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Stack Pointer—2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer—6 


Op Code Address+1 
FFFF 

Stack Pointer+1 
Stack Pointer+2 
Stack Pointer+3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer+7 
Return Address 


Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Stack Pointer—2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer—6 


Vector Address FFFA 


Vector Address FFFB 


Address of SW! Routine 


Op Code Address+1 
FFFF 


FFFF 
Op Code Address+1 


© HITACHI 


Ke Oaodnodaooaoaooadaoodr Kl RP KY KY KP KF FF FP FE FEIT OOOooooor Fe 


oO FrFPrPrF FS KBE RPK OLOOOOOdOOOF O|KR RP SB RP RP ke kK kK Oo 


Re O1}O Oo 


Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 


Next Op Code 

Restart Address (LSB) 
Conditional Code Register 
Accumulator A 
Accumulator B 

Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine 
(MSB) 


Address of SWI Routine 


(LSB) 
First Op Code of SWI Routine 


Next Op Code 
Restart Address (LSB) 


| 
Restart Address (LSB) 
Next Op Code 





(continued) 
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RELATIVE 


Op Code Address+1 1 Branch Offset 
FFFF 1 Restart Address (LSB) 


Branch Address--Test="}" First Op Code of Branch Routine 
Op Code Address +2:-Test="0" Next Op Code 


Op Code Address+1 Offset 

FFFF Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer—1 Return Address (MSB) 
Branch Address First Op Code of Subroutine 
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Appendix III. Questions and Answers 
This appendix contains some frequently asked questions about the HD6301 YO and HD6303Y. 
lll.1 Parallel Ports 
Il!.1.1 DDR and Data Register 


Question: Which should be set first, the data register or DDR (data direction register), when an 
I/O port functions as an output port? . 


Answer: Output data should be stored in the data register first, then DDR should be set (DDR = 1). If 
DDR is set first, unknown data will be output from the port. 


Supplement: DDR (data direction register) 
DDR programs I/O port as an input or output. 
DDR = 1: output 
DDR = 0: input 
DDR is initialized to 0 during reset. 


ll!.1.2 Port 7 Upper Bits 


Question: What is the state of the upper 3 bits in port 7 (5-bit output port) when reading port 7 in 
mode 3 (single chip mode)? 


Answer: The upper 3 bits in port 7 are all set to 1. The contents of the port 7 data register 


can be read, therefore the bit manipulation instructions can be used. 
Supplement: Ports 1 and 4 can also be read with bit manipulation instructions. 


1.1.3 SCLK/P25 Pin 
Question: How do you use the P29 (SCLK/P25 multiplexed pin) as an I/O port? 


Answer: To use the P29 as an I/O port, set bit 1 in the port 2 DDR (data direction register), and CCO, 
CC1, and CC2 in the RMCR (rate/mode control register) as in table III-1. 
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Table Ill-1. P25 I/O Settings 


Bit Setting 


Bit 1 of port2 DDR 0 (Input port) 
(Note1) 1 (Output port) 
CCO (Note 2) 1 

CC1 0 

CC2 Oor1 

Notes: 


1. The port 2 DDR selects respectively the direction of P29-P27. 
2. During reset, CCO, CC1 and CC2 are cleared to 0 and the P29 functions as SCLK pin. 


Supplement: The CCO, CC1, and CC2 (clock control format select) program the SCI data format and 
the SCI clock direction. 

The DDR (data direction register) programs the direction of the I/O port. 

DDR = 0: Input 

DDR = 1: Output 


11.1.4 P53/HALT Pin 


Question: How do you use the P53 (P53/HALT multiplexed pin) as an input-only port in 
expanded mode (modes 1 and 2)? 


Answer: In expanded mode, P53 functions as HALT pin with HLTE bit = 1 during reset. To 
use P53 as an input port, hold it high until O is written in the HLTE bit after reset, inhibiting 
HALT input. 


11.1.5 Port 4 in Mode 2 


Question: Port 4 can be used as an upper address output in mode 2 (expanded mode). 
In this case, which bit can be used when not all 8 bits are necessary as an address and the 
remaining bits can be used as input ports? 


Answer: Any bit can be used. 

In mode 2, any bit can be used as an upper address output or an input port. 

When the port 4 data direction register (DDR) is cleared by reset, port 4 becomes an input 
port; when “1” is set, port 4 becomes an address output. 
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11.1.6 Port 4 
Question: When reading port 4 (8 bit I/O port), used as upper address outputs and as input 
ports in mode 2 (expanded mode), what data is read out from the bits used as upper address 


outputs? 


Answer: The upper address is read out; in this case, “O”. When reading bits used as I/O ports, 
the port states are read. 


[11.1.7 P55/OS pin and Port 6 


Question: Please explain the timing of output strobe (OS) generation by writing into port 6 (8 
bit I/O port) and the timing of data output. 


Answer: See figure Iil-1 


MPU Write 
Port 6 


P69—P67 


(Outputs) | Data Valid 





Figure Ill-1. OS timing 
11.1.8 Port 2 


Question: When setting port 2 (timer 1, timer 2 and SCI I/O pin/8 bit I/O port) as I/O port after 
having been used as a timer or SCI I/O, what is the I/O state of each bit? | 


Answer: The I/O state of each bit is the same as that when used as a timer or SCI I/O pin. 
When set as a timer, SCI I/O pin, the DDR of each bit is also set or cleared at the same time. 
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lil.2 Serial Port 


11.2.1 RDRF in Wake-Up Mode 


Question: When using the SCI in the asynchronous mode with the receive enable bit (RE) of the 
transmit/receive control status register (TRCSR) = 1 and wake-up bit (WU) = 1, what is the state of the 
receive data register full bit (RDRF)? See figure III-2. 


7 6 5 4 3 2 1 0 
TRCSR | RDRF| ORFE RIE | RE 
0 1 1 





Figure Iil-2. Transmit/Receive Control Status Register in Wake-Up Mode 


Answer: When the wake-up flag is set (WU = 1), the RDRF flag is not set (RDRF = 0). 


11.2.2 SCLK Direction and DDR 


Question: When using the P25 (SCLK/bit 2 of I/O port 2) as the SCI clock I/O, is the clock direction 


determined by CCO, CC1, and CC2 (clock control/form select) in the RMCR (rate/mode control 
register) regardless of bit 2 of the port 2 DDR? 


Answer: Yes, it is determined by CCO, CC1, and CC2 independently of the port 2 DDR. When 
used as an 1|/O port, its I/O direction is determined by bit 2 of the port 2 DDR. In this case, 
CCO, CC1, and CC2 should be set to a mode where P29 is not used as SCI clock (CCO, CC1, 
and CC2 set to 101, or 100). CCO, CC1, and CC2 are cleared to 0 at reset (table III-2). 

Table Ill-2. P25 Direction 


P29 SCLK 
Port 2 DDR Input or output No effect 
CCO 1 CCO, CC1, CC2 determine 
CCi1 0 Clock form, direction 
CC2 Oort 


Suppiement: The CCO, CC1, and CC2 (clock control format select) program the SCI data format and 
the SCI clock direction. | 
The DDR (data direction register) programs the direction of the I/O port. 

DDR = 0: Input 

DDR = 1: Output 
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il!.2.3 Receive Sampling Clock 


Question: What is the relation between the receive data sampling clock at the SCI receive, and the 
data transfer rate? 


Answer: The sampling clock is sixteen times as the transfer rate. 


11.2.4 Sampling Error 


Question: What does "sampling error" mean? 


Answer: “Sampling error’ means receive margin in SCI operation. The HD6301 YO detects a 
Start bit at the negative edge of the sampling clock, and samples the start bit and data bit at 
the positive edge of the sampling clock. 


The general equation of the receive margin is shown as follows (figure III.3). 


= {(0.5 - 1/2N) - (D - 0.5)/N - (L - 0.5)F} x100 (%) 


M: Receive margin 

N: Baud rate ratio to sampling clock 

D: Duty of the longer sampling clock of nen and low (0.5 - 1) 
L: Frame Length (7 - 12) 

F: Absolute value of deviation of sampling clock frequency 


An abbreviated version is: 
= (0.5 - 1/2N) x 100 (%) (Condition: D = 0.5, F = 0) 


43.75 46.875 48.4375 49.21875 BP BSO WO DESO 3" 
ea N=16 


46.875% 
1 


50% 
1 
I 


| 46.875% 


| 
! bo Start Bit 0.5 BLE. 
1/N ! 7 . | 


Start bit activates Start bit sampling 





Figure |ll-3. Sampling Error 
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11.2.5 SCI Receiving Operation in Asynchronous Mode 


Question: When a framing error occurs while the serial communication interface (SCI) is 
receiving data in the asynchronous mode as shown in figure III-4, can the SCI receive the next 
data? 


start bit stop bit 





Figure IIl-4. Framing Error 


Answer: Yes, it can. 

As the start bit is detected by the level (Low), the next data can be received after a framing 
error without a falling edge. At the falling edge of the start bit, the sampling timing counter is 
cleared. So, if there is no falling edge, the next data is sampled in the former timing. 

Using this, a line break can be detected. 


11.2.6 RE, WU Set Timing in Asynchronous Mode 





Question: In asynchronous mode, can a receive enable (RE) bit and a wake-up (WU) bit of the 
SCI be set at the same time? 


Answer: No, they can’t. Set RE first and then WU, or WU will not be set. 
11.2.7 Wake-Up 


Question: Can WU of the SCI TRCSR be cleared by software? (=Can “0” be written into 
WU?) 


Answer: Yes, it can. 


Receive operation is activated from the cycle after executing an instruction writing ‘‘O”. 
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11.2.8 RDRF and Error Flags in Receive Operation 


Question: Please explain the states of the SC! RDRF and error flags in receive operation in the: 
asynchronous mode according to the following conditions. 


(1) normal operation 


(2) overrun error 
(3) -parity error 
(4) framing error 


Answer: See table III-3 
Table IIl-3. Receive Operation Flags 
RDRF ORFE PER 


Normal operation 1 0 O 
Overrun error 1 1 O 
Parity error O 0 1 
Framing error 0 1 0 


11.2.9 Each Flag State in Error Overlapping 


Question: In SCI asynchronous mode, explain the states of each error flag and RDRF when 
errors overlap as follows; 

(1) an overrun error overlaps a parity error 

(2) an overrun error overlaps a framing error 

(3) an overrun error overlaps a parity error and a framing error 

( 


4) a parity error overlaps a framing error 


Answer: See table III-4 
Table Ill-4. Error Overlapping Flags 





RDRF ORFE PER 
(1) 1 1 0 
(2) 1 1 O 
(3) 1 1 0 
(4) 0 1 1 





In cases (1) through (3), the error is checked as an overrun error. 
In the case of (4), both ORFE and PER are set; RDRF not. In this case, the data causing both 
parity and framing errors can be read out. 
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1.2.10 Checking Stop Bit 


Question: When setting the stop bit length to 2 in the SCI transfer format in asynchronous 
mode, is the framing error checked by 

(1) first stop bit or 

(2) second stop bit or 

(3) both first and second bit? 


Answer: The framing error is checked by both bits. 
Hl.2.141 Overrun Error 


Question: When an overrun error occurs during the SCI receiving operation in asynchronous 
mode, is the data-causing error transferred to the receive data register (RDR) and can the CPU 
read it in the following cases? 

(1) After an overrun error, when the next data is not sent to the receive data shift register. 


(2) After an overrun error, when the next data is sent to the receive data shift register. 


Answer: When RDRF = 1 and ORFE = 1, error causing data is not sent to the RDR in both 
cases. That is, data received except with RDRF = O is not transferred to the RDR. So, the CPU 


cannot read it. 
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1.3 Timer/Counter 


ll11.3.1 Reading the FRC 


Question: When you read the free-running counter (FRC) of the timer 1 by a double-byte load 
instruction, is the read value correct? 


Answer: It is correct. In the first cycle, the high byte of the FRC is read, when the low byte is set ina 
temporary register. At the next cycle, the data stored in the temporary register is read (figure III-5). 


high byte read low byte read 
{ 


Temporary 
register 


Read data 


Accumulator D 
(When reading $F7FF from the FRC) 





Figure Ill-5. FRC Double-Byte Read 


Supplement: To read the timer FRC correctly, use double-byte load instructions (_.DD, LDX). 


Ill.3.2 Reading the FRC in the HD6801 


Question: How is FRC writing in the HD6301Y0, HD6303Y, and HD63701Y0, different from the 
HD6801? 


Answer: The difference is shown in table IIl-5. 


Table Ill-5. HD6301YO/HD6303Y and HD6801 Write Differences 


Type How to Write (Preset) 
HD6801 The FRC is always preset to $FFF8. 


HD6301Y0, HD6303Y Writing to the high byte presets the FRC to $FFF8. 
Data is set in the FRC by a double-byte store instruction. 


See figure IIl-6 for an example. 
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(1) The HD6801 preset method 


| $09Write | $OAWrite | LDD #$5AF3 
1 ($5A) | ($F3) | nee 
J 4 bee - ~ | | 
| $FFFB 1 $FFFQ | $FFFA ! 
The FRC is always preset to $FFF8. 


(2) The HD6301 YO/HD6303Y preset method ($5FA3) 
(a) Preset value $FFF8 


—_—— 


; S09Write LDD #$5AF3 


| ($5A) | “~~ STAA $09 


Ee dal ah tl el 


! | ' 
i] I | 
| $FFF8 | $FFFQ | $FFFA | —> 


FRC 


Writing to the high byte $09 the FRC to $FFF8. 
(b) Optional value (In this case $5AF3) 


| $09Write | SOAWrite | 
1 ($5A) =! ($F3) | LDD #$5AF3 


—_—_—_— 
go ee Pee ese ee, ie, 


) { 
1 | 1 1 
$FFF8 $5AF3 | — $5AF4 ee 


A double-byte store instruction presets the FRC to optional ($5AF3) value 





Figure IIl-6. FRC Writing for HD6301 YO/HD6303Y and HD6801 


11.3.3 ECMI Interrupt 


Question: Timer 2 is used by writing 0 to enable counter match interrupt (ECMI) of the timer 
control/status register 3 (TCSR3). When a counter match flag (CMF) of TCSR3 becomes 1, 1 is written 
to ECMI. Does this generate an interrupt? 

Answer: Yes. When the time constant register (TCONR) matches the timer 2 counter, the CMF is set 
to 1 and kept at 1 unless 0 is written in by software. An interrupt will occur if ECMI = 1 after CMF = 1. 


Supplement: A timer 2 interrupt is generated with CMF = 1 and ECMI = 1. 
ECMI defines internal interrupt (IRQ3) enable/disable. 

ECMI = 0: disable 

ECMI=1: enable 


I11.3.4 SCI and Writing to Timers 
Question: When the SCI is operating, can data be written into the timer 1 FRC or timer 2 T2CNT? 


Answer: If the SCI is operating by an external clock, the timer 1 FRC and the timer 2 T2CNT 
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can be written into. In the case of an internal clock, either the FRC or the T2CNT is used as a © 
_clock-source counter (note 1). No clock-source counter can be written to. Note that there are 


some restrictions, as follows: 


1. External clock operation 
a. Timer 1 FRC can be written to 
_b. Timer 2 T2CNT can be written to 
2. Internal clock operation 
a. Using timer 1 FRC as an internal clock 
- Don't write to the timer 1 FRC during SCI operation. 
- Timer 2 T2CNT can be written to. 
b. Using timer 2 T2CNT as an internal clock 
- The timer 1 FRC can be written to, except when input clock to T2CNT is E/8 or E/128. E/8, 
E/128 come from the timer 1 FRC. If these clocks are selected as T2CNT input clocks, writing to 
the FRC will delay them. 
- Don't write to timer 2 T2CNT during SCI operation. 


Supplement: When an internal clock is operating the SCI, writing to the clock-source counter will 
delay the SCI transfer rate. — 


11.3.5 Timing for Timer 2 Output and CMF 


Question: When counting events using timer 2, a counter match occurs. How does timer 2 
output (port 2 bit 6) change? And also, when is the counter match flag (CMF) set? 


Answer: See figure Ill-7 


© LPL LLLP Leen 


Bi 


External 


P23 
Output 


CMF 





Figure Ill-7. Timing for Timer 2 Output and CMF 
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111.4 Bus Interface 


11.4.1 E and Memory Ready 


Question: What is the internal E clock state when the CPU uses the memory ready function? 


Answer: Internal E clock operates at normal frequency(figure IIl-8).Since the timer count and the SCI 
transfer rate are set by the internal E clock, they are not also affected by the memory ready function. 


homie ee ed ee ey Lak 


External E | | | | | — Execute memory ready function 


a 


(Memory ready signal) 





Figure Ill-8. Internal and External E Clocks 


Supplement: It is impossible to examine the internal E clock from an external pin when using the 
memory ready function. 


Il!.4.2 Memory Ready and Halt After Reset 
Question: After reset, are memory ready and halt functions enabled or disabled? | 
Answer: Both are enabled. MR and HALT in three operating modes is shown in table III-6. 


Table IIIl-6. Operating Modes 


Operating Mode Memory Ready Halt 
Expanded mode 1 Enabled (note) Enabled 

2 Enabled (note) Enabled 
Single-chip mode No memory ready function No halt function 


Note: Invalid when accessing internal address space 


Supplement: In the expanded mode (modes 1, 2), the memory ready enable bit (MRE) and halt 
enable bit (HLTE) of the RAM/port 5 control register are set to 1 during reset, enabling memory 
ready and halt functions. 
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{11.4.3 Buses at Internal Address Access 


Question: When you access internal memory space, what states are the address buses, data buses, 
and control lines in? 


Answer: Address buses and control lines (RD, WR, R/W) are always output regardless of internal or 
external address space accessing. During writes to the internal address space, the same data is output 
from the data bus. During reads, the data buses become high impedance. 


111.4.4 External Access to Register Addresses 
Question: When using external memory at the addresses shown below in expanded modes (modes .- 


1, 2), some addresses overlap internal registers and RAM addresses (figure III-9). In such a case, are 
there any problems? 


Internal Memory Map External Memory Map 


register LLL. 
Rees 


ROM YY ff; Hib ores ats sn 


(mode 2) 





Figure Ill-9. Overlapping Addresses 


Answer: There are no problems, but the overlapped addresses in the external memory space should 
not be used. When writing to the overlapping addresses, the same data is written into the internal and 
external address space. When reading, data is read from the internal, and the external address data is 
ignored . 


Supplement: If the RAM enable bit (RAME) of the RAM/port 5 control register is 0, a read/write 
from/to the internal RAM space is invalid, and both operations are executed to the overlapped external 
address space. 


11.4.5 Buses During WAI 
Question: What states are address buses, data buses, and control lines in after WAI instruction 
execution? 
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Answer: They are as in table III-7. 


Table lIIIl-7. WAIT State 


Line State 

Address bus FFFF (High) 
Data bus High impedance 
RW High 

RD High 

WR High 


1.4.6 Timing for Memory Ready and E Clock 


Question: What do thMR (memory ready hold time) and tsjmR (memory ready set up time) 
mean in the timing for “memory ready” and E clock? See figure III-10. 

Answer: 

tHMR: When MR becomes low within thmR from the E clock rising edge, the E clock is 
extended (max setting). 

tSMR: When MR becomes high within tsmR before the E clock falling edge (point A), E clock 


becomes low in the cycle (minimum setting) 


Integer times of cycle time 





tyme tsmr 


Ei 0.8V d 


MR 
2.0V 


tpce tecr 


Figure IIl-10 Timing for Memory Ready and E Clock 
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11.4.7 Limit of Halt Time 
Question: Is the halt time limited? 


Answer: No. If the halt pin has been low before a restart, the halt functions after a reset vector 
has been output and after the first instruction has been fetched. 


Supplement: When the halt signal is set to low, the CPU stops after an instruction being 
executed finishes, and goes to the halt state. The halted CPU sets the bus available (BA) to 
high and the RD, WR and R/W to high impedance. 


11.5 Interrupt Control 


1.5.1 IRQ4 During Standby 


Question: When the CPU is returning from standby mode (RES = low, STBY = low) with IRQ1 low, can 
the interrupt be accepted if IRQ 4 low continues after return? 


Answer: It cannot. Interrupts can be accepted when IRQ1E = 1 and! =0. After the CPU returns from 
standby, ithas IRQ1E =0and|l=1. To accept the interrupt, the software should make IRQ1E = 1, 1=0 
after resetting. 


Supplement: IRQ1E is the IRQ, interrupt enable bit of the RAM/port 5 control register. When IRQ1E 
= 1, P59 can be used as an interrupt pin. | is the interrupt mask bit. When | = 0, the CPU accepts 


interrupts. 


11.5.2 Trap Interrupt 


Question: How does the trap interrupt differ from other interrupts (NMI, [RQ1, [RQ2 and IRQ3)? 
Auswer: The differences are: 


Return address (figure III-1 1) 
Interrupt sequence (figure IlII-1 2) 
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@) NMI, IRQ ,, IRQ, and IRQ, @) Trap interrupt 


Main routine Main routine 
Interrupt routine Interrupt routine 
(NMI, IRQ,, TRQ,, IRQ.) (Trap interrupt) 


PC 


[re 


“4 





*1: Return address =| PC+ 1 *1: Return address = 


Figure lIll-11. Return Address 


Gi) NMI, IRQ, 
Address Bus 


(2) Trap interrupt 
Address Bus 


“2: G) = Op code address, @) = Op code address + 1, 3) = “FFFF” 
*3: Trap interrupt has one more (3) cycle (“FFFF”). 





Figure Ill-12. Interrupt Sequence 
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11.5.3 LIR During Interrupt 
Question: What is the output state of load instruction register (LIR) in the interrupt sequence? 


Answer: The output state of LIR is low in the following cycles: 


1. Prefetch cycle of the last instruction cycle opcode just before interrupt sequence 


2. Fetch cycle of the first opcode of the interrupt routine 


The output state of LIR in the interrupt sequence is shown below. 


1. Last instruction execution cycle just before the interrupt sequence (figure IIIl-13). 


Op Code Operand Irrele- PCO—PC7 PC8— {X0—IX7 
Op Code vant Data PC15 





Figure I|Il-13. Last Cycle Before Interrupt 


a. LIR output is low at the last instruction execution cycle just before interrupt sequence 


opcode prefetch. 


b. The first cycle of the interrupt sequence (b in figure III-13) is a dummy fetch cycle. In this 
cycle, there are two cases; an operand is on the data bus, or an opcode is on the bus. In 


both cases, LIR output is not low. 


2. First opcode fetch cycle in the interrupt routine (figure III-1 4). 










Interrupt Sequence _—- Interrupt routine 





Internal 
Data Bus 






ACCA CCR Vector Vector First 
MSB LSB Op Code 


A A A! See 


Figure Ill-14. First Cycle in Interrupt 






LIR output is low when the first opcode of the ‘interrupt routine is fetched. 
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Supplement: Load instruction register (LIR) low shows that instruction opcode is on the data bus. 
111.5.4 Accepting an IS Interrupt 


Question: Is an input strobe (IS) interrupt accepted during the execution of the IRQ 1 interrupt 


routine? 

Answer: Yes. When an IS interrupt is generated during the execution of the IRQ 1 interrupt 

routine, with the input strobe enable (IS IRQ4 ENABLE) being set, and the IS flag is set; 

1. It is accepted if the interrupt mask bit (I) of condition code register (CCR) has been cleared. 
However, in this case, the interrupt factor of the IRQ; must have been cleared before 
clearing the | bit, that is, by setting the IRQ 7 pin low and clearing IRQ7E. 

2. If the | bit of the CCR is set, it is accepted after the IRQ; interrupt routine finishes. 

Supplement: Since the IRQ; and IS share an interrupt vector, levels of the input strobe flag (IS 

FLAG) and IRQ pin are checked to determine which interrupt is generated, by reading P59 

(bit O of port 5). 

1.6 Oscillation Circuit 

11.6.1 E Clock Triggering 


Question: With which edge of the EXTAL clock does the E clock change, the rising or falling edge? 


Answer: It changes synchronously with the falling edge (figure III-15). 


EXTAL 


Figure Iil-15. E Clock Timing 


ill.7 Reset 
l11.7.1 Ports at Reset 
Question: What is the state of each port at reset? 


Answer: It is as shown in table III-8. 
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Table Ill-8. Port State at Reset 


Port Mode _ Reset 
1 (Ag-A7) 1,2 High 
3 High impedance 
2 1,2 High impedance 
3 High impedance 
3 (Dg-D7) 1,2 High impedance 
3 High impedance 
4 (Ag-A15) 1 High 


2,3 High impedance 





S) 1,2 High impedance 
3 High impedance 
6 1,2 High impedance 
3° High impedance 
7 1,2 ~~ Note 1 . 
3 High impedance 
Note: 


1. RD, WR, R/W, LIR = high; BA = low 
Supplement: E clock at reset is output at normal frequency after oscillation stabilization time. 
lll.7.2 /O Port Output After Reset 
Question: What data does an I/O port output when the data direction register (DDR) = 1 after reset? 


Answer: After reset, undefined data is output from the I/O port , since the data register of an I/O port is 
undefined. For the output state, put data in the data register before setting the DDR = 1. 
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11.7.3 RES Schmitt Trigger 
_ Question: Is a Schmitt trigger circuit provided with RES? 


Answer: Yes (figure IIIl-16). 


Internal reset signal 


Internal 





Figure IIl-16. Reset Circuit 
11.7.4 Reset Circuit Capacitance 


Question: Does Cr in the reset circuit shown in figure I-17 (Rr X Cr > 20 ms), have an upper 


limit? 


Release Standby 
mode Rr-Cr> 20ms 
(External input) 





Figure Ill-17. Reset Input Circuit 


Answer: No, because RES is provided with a Schmitt trigger circuit (figure IIl-16). 
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11.7.5 State of I/O Ports during the 20 ms after a Power-on Reset 


Question: What state are I/O ports in for the 20 ms after a power-on reset during which time 
the oscillation is unstable? 


Answer: The I/O ports are in the reset state immediately after a power-on reset because it is 
directly controlled by the RES pin. However, at this time, the contents of the data register of 
each port are undefined (figure IlIl-18). 


1/O port 
Inside of the LSI 





Figure Ill-18 Reset Circuit 
11.7.6 State of Port 4 after a Reset 


Question: What is the state of port 4 (8 bit I/O port) of the HD6301Y0 after a reset? 


Answer: Table III-9 shows the state of port 4 after a reset. 
Table |Il-9. Port 4 After Reset 


Mode State of port 4 

Mode 1 Address bus high-order output (*1) 

Extended modes 
Mode 2 Input port 


Single chip mode Mode 3 Input port 


*1: In mode 1, the data direction register (DDR) is forcibly set and port 4 outputs high-order 
addresses. | 
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1.7.7 State of Address Bus if Reset during Operation 
Question: If reset occurs during operation, when does the address bus become $ FFFF? 


Answer: Timing of RES and the address bus are as follows (figure III-19). 


0.8V 


Bus 4 


Mode 2 


Bus 





Figure l|Il-19. Timing of RES and the address bus 


111.8 Low Power Dissipation Mode 
11.8.1 Standby During Instruction Execution 


Question: Does the CPU wait until the current instruction is executed to enter the standby mode? 





Answer: No. The CPU enters standby mode regardless of the current instruction; the CPU 
goes into reset condition and the oscillator stops with STBY low (figure IIl-20). 






! 
eae Oscillator Stop Internal reset 
' 





E 





! 
l 
STBY | 


Figure IIl-20. E During Standby 
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11.8.2 Standby Timing 


Question: The timing for the standby mode is shown in figure Ill-21 (see also figure 3-5). Is T1 
in the figure defined? 


Vec 
e 





| 


Stabilization 
; Time 
| 


| 
I 
see 
_ (2) STBY 
| 
| | Oscillator 
| 1/7 


Standby Mode 
© Register Save 
© RAM/port 5 control register set | ae 


- Restart | 


Figure IIl-21. Standby Mode Timing 


ee 


Answer: It is not, but if the time for nonmaskable interrupt (NMI) is guaranteed, either RES or STBY | 
can go low with no priority. 


Supplement: The CPU goes to the standby mode independently of instruction execution 
Sequence. Use the NMI routine before entering standby mode. 


1i1.8.3 Ports at Standby 

Question: What is the state of each I/O port during standby? 

Answer: Each 1|/O port and the E pin during standby are high impedance. 

111.8.4 Return from Standby Without Reset 

Question: What occurs when the CPU returns from the standby mode without using reel start? 


Answer: The CPU does not operate normally because the contents of each register are not defined. 
Therefore, always use the reset start when returning from the standby mode. 
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111.8.5 Sleep and Standby Internal States 


Question: What are the internal states in the sleep or standby mode? 


Answer: They are as shown in table III-10. 


Table IIl-10. Sleep and Standby Mode States 


Sleep Mode Standby Mode 

Oscillation circuit Continues Stops 

CPU (register) Stops (retained) Stops (undefined) 

RAM Retained Retained 

/O | Retained High impedance 

Timer Continues Stops 

Serial communications Continues Stops 

Internal registers Retained Reset 

Cancel Interrupt Reset start after STBY = high 
STBY = low (at hardware standby) 
Reset start 


Reset start (at software standby) 





Supplement: Internal states in the standby mode are the same as those in reset. Use the reset 





start when returning from the standby mode. In this case RES should be kept low from STBY = 
high during oscillation stabilization time (20 ms minimum). 


11.8.6 Sequence of Going to Standby Mode by Software 
Question: How can the CPU go to the standby mode using software? 


Answer: The CPU can go to the standby mode using software by clearing the standby flag 
(STBY FLAG) of the RAM/port 5 control register. In this case, before going to the standby 
mode, the standby power bit (STBY PWR) of the RAM/port 5 control register must be set and 
the RAM enable bit (RAME) should be cleared. Below is shown an example of the method of 
going to the standby mode by software. 


OIM #$80, $14 - - - (Setting STBY PWR) 
AIM #$9F, $14 - - - (Clearing RAME, STBY FLAG) 
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11.8.7 Timing of Going to the Standby Mode by Software 


Question: In the case that the CPU goes to the standby mode by clearing the standby flag 
(STBY FLAG) of the RAM/port 5 control register, how many cycles after clearing does the 
oscillator stop and does the CPU go into the standby mode? 


Answer: The oscillator stops and the CPU goes to the standby mode at E clock’s low level of 
the first cycle after the STBY FLAG is cleared (figure III-22). 





Clearing STBY FLAG 
! J 





STBY FLAG Standby mode 


Figure IIl-22 Timing of Standby Mode by Software 





11.8.8 Writing to STBY PWR 


Question: Is it possible to write “O” into the standby power bit (STBY PWR) of the RAM/port 5 
control register? 


Answer: Yes. The STBY PWR can be used as a normal read/write flag. 


ll.9 Software 


11.9.1 Bit Manipulation Instructions 


Question: How should the bit manipulation instructions of the HD6301Y0, HD6303Y, and 
HD63701Y0, be written? - | | 7 


Answer: They are written as shown in figure III-23. 





Immediate Data Address Index Register 


Figure IlIl-23 OIM Example 
This is an example of an OR operation between the immediate data and the memory which 
stores the result in the memory. The AIM, EIM, and TIM instructions are written in the same 
way. 


©) HITACHI 
660 | 


The bit manipulations in table Ill-11 have different mnemonics with the same opcode. 


Table Ill-11. Shared Opcodes 


Bit Manipulation Instructions Having the Same Opcode 


Instruction Mnemonic Function 


AIM BCLR 0 AND Mi 
The memory bit i (i = 0 to 7) is cleared and the other 
bits don't change 


OIM BSET 1 OR Mi 
The memory bit i (i = 0 to 7) is set and the other bits 
don't change 


EIM BTGL Mi EOR Mi : 
The memory bit i (i = 0 to 7) is inverted and the other 
bits don't change 


TIM BTST 1 AND Mi 
AND operation test of the memory bit i (i = 0 to 7) and 
1 is executed and its corresponding condition code 
is changed. 


The mnemonics mentioned above can be written as in figure II]-24. 


BCLR 3,$10 ; (Direct Addressing) 
BCLR 3,$10,X : (Index Addressing) 


BSET 3,510 ; (Direct Addressing) 
BSET 3,510,X , (Index Addressing) 


Bit Address Index Register 





Figure IIl-24. Shared Opcode Instruction Format 
111.10 Others 


111.10.1 RAME Disabled 


Question: When executing a program with the RAM enable bit (RAME) of the RAM/port 5 control 
register disabled (RAME = 0), 


1. What occurs if the internal RAM address is accessed? 
2. What occurs if interrupt requests are generated? 


Answer: 
1. The Internal RAM cannot be accessed. It is neither readable nor writable with RAME = 0, 
so In mode 1 or 2, the external memory is read/written into. 


2. Interrupts are accepted, but the CPU will fail when returning from the interrupt with no 
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stacking area other than the internal RAM. 


Supplement: 
1. RAME = 0; internal RAM is invalid. In modes 1 or 2, data can be read from the external memory. 


2. RAME = 1; internal RAM is enabled. 
1110.2 RAME at Reset 
Question: Is the RAM enable bit (RAME) set on reset at RES low or the rising edge of RES? 


Answer: It is set at the rising edge of RES (figure I-25), 


RES Sf 


Internal RAM ~*—+—= Internal RAM 
Disable . Enable 
(RAME= 0) (RAME= 1) 





Figure Ill-25. RAME at Reset 


Supplement: RAME is set/cleared by the software. 


1. RAME =0; Internal RAM is invalid. In mode 1 or 2, data can be read from the external memory. 
2. RAME = 1; Internal RAM is enabled. 
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Appendix IV: The Differences Between HD63701Y0 


Item 
Input low 


voltage of RES, 
MPo, MP1 


lin and Cin 
of RES 


Crystal 
oscillator 
characteristics 


Storage 
temperature 


Caution 


and HD6301Y0 


HD63701Y0 HD6301Y0 

Vit = 0.6 V max Vit = 0.8 V max 

lin = 10 nA max lin = 1.0 nA max 

Cin = 65 pF max Cin = 12.5 pF max 

lin and Cin are larger than HD6301Y0 because RES is also 

used as Vpp. 

Internal resistance Internal resistance 

of crystal oscillator Rs | of crystal oscillator Rs 
Frequency (MHz) | 25 | 4.0 | 60 | 80, Rs = 60 2 max 
Rs max (0) [500 [120 | 80 | 60 

Tstg = —55 to 125°C Tstg = —55 to 150°C 


The HD63701Y0 differs from HD6301Y0 in chip design and manufacturing process. When 
applying the HD63701Y0 system to HD6301Y0, and HD6301Y0 system to HD63701Y0, 
note that characteristic values are not exactly the same even if guaranteed values are the 
same. 
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Appendix V: Program Development Procedure and | 
Support System oe. 


V.1 Overview 


The cross assembler and the hardware emulator using various types of computer are prepared by 
the company as supporting systems to develop user’s programs. User’s programs are mask 
programmed into the ROM and delivered as the LSI by the company. 


Figure V-1 shows the typical program design procedure and table V-1 shows the system 
development support tool for the HD6301Y0 which are used in these processes. 


Allocation of 


> RAM and 1/0 Text Editor/CRT Editor 
4 : ' Host Computer 


Tape 
Object ‘i 


Artwork Source Tape 


Assemble Cross Assembler 
i Assemble SS 
Pattern Generator ee Host Computer 


Tape 


| EPROM <> 
Trial x P 
. Object Program 
~~ Foe 


| 
Emulator, 


EPROM On-Chip LSI, 


A HD63701YoC 
<— 


Yes 


Mass 
Production 





Figure V-1. Program Design Procedure 
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(Explanation) 


a 


When the user programs the system using the HD6301Y0 series, a functional assignment 
of each I/O pin and an allocation of RAM area should be specified adjusting to designed 
system before actual programming. 

A flowchart is designed to implement the functions and it is coded by using the HD6301Y0 
mnemonic code. 

Write the software coded according to the flowchart on a floppy disk to make a source 
program. 

Assemble the source program to generate an object program using a computer. Assembly 
errors are also detected. 

Verify the program through hardware emulation with an emulator, H68SD5/5A, H680SD200 or 
EPROM on-chip type microcomputer. 

Send the completed program to the company in the form of EPROM. Send Single-chip 
microcomputer order specification and Mask option list at that time. 

ROM and mask option are masked by the company. LSI is testatively produced and the 
sample is handed in to the user. If a user doesn’t see any problem in programming, mass 


production can be started. 


Table V-1. Support Tools 





HD6301Y0 | H31MIX3 HD63701Y0C HS31YESS11H S31IBM PC US31PCLI1SF 
HD6303Y | (HS31YEMLO3H) 





















IBM PC 
C Compiler 


IBM PC* Cross 
Assembler 


EPROM 
On-Chip LS! 


EPROM On-Chip LSI 
Programming 








Notes: IBM PC is a trademark of International Business Machine Corporation. 






. | © Compiler é 


| 
CLOSS nee : oe Onis We 
Assomblor ars ae —" 





™“ Emulaler 





* Brogrammin oe 


Bonet Avaner = EPROM OrcGhip LB! 
DORE AP ; 


HD6301Y0 and HD6303Y Development Tools 
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V.2 Single Chip Microcomputer ROM Ordering Procedure 


V.2.1 Development Flowchart 


Single chip microcomputer device is developed according to the following flowchart after 


program development. 
Device Development Flowchart 


ROM code *1 *1 2sets of EPROM 


Mask Option List *2 


Ordering Specifications *2 Part specific 
oS *3 Generic for Hitachi 
Microcomputer 





Computer processing 





ROM code for confirmation 
of ROM fabricating 
specifications *4 


*4 The same ROM code as 


a _ 
4 Verification Listing *5 *5 Send it back after 





OK 
- approving 
Working Sample (WS) *6 *6 3pcs. 






S Confirmation of function, *7 Start the following 

characteristics *7, *8 flowchart after 
approving 

*8 Send back signed 
working sample approval 
form. | 


*9 10 pcs. 


characteristics, quality 


OK 
Engineering Sample (ES) *9 : , 
Confirmation of function, 


Commercial Sample (CS) 


(END) 


Note: Please send in 1, 2, and 3 at ROM ordering, and send back 4, 5 after approving. 
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V.2.2 Data you send and precautions 


(a) Ordering specifications.................... 


Basic ITEM 

Environment Check List 
Check List of attached data 
Customer 


(b) ROM code. 


V.2.3 Change 


of ROM code 


Common style for all Hitachi single cnip 
microcomputer devices. Please enter as for the 


followings. The format is shown in the next page. 


Please send in the ordering ROM code by 2 sets 
of EPROM the same contents are written. Enter 

ROM code No. in them. It is desirable to send in 
program list for easy confirmation of the program 


contents. 


Note that if you change the ROM code once sended in or other specification, the ROM must be 


developed from the beginning. The cost of mask charge should be provided again in this case. 


V.2.4 Samples and Mass production 


(Working Sample) .......... 0.0... cece ee eee 


(Engineering Sample) vaSicwi se elwwaktasveeda 


(Commercial Sample)........ pee tessdetncete 


(Mass Product) 
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Sample for confirmation of the contents of ROM 
code and that of mask option. Normally 3 samples 
are sent, but not guaranteed as for reliability. 
Please evaluate and approve immediately because 
the following sample making and mass production 
are set about after obtaining your evaluation. 


Sample for evaluating also reliability. 10 pcs are 
included in mask charge. 

Samples for pre-production which may be 
purchased separately. 

Products for actual mass production. Please enter 
the plan of mass production in full. 
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V.2.5 HD6301Y0 
ORDERING SPECIFICATIONS 


(1) GENERAL CHARACTERISTICS (Fill in blank space or check appropriate box[ x | ) 

Ce Cops = Ceres 

st 

Application 
(be specific) 
Customer 
ROM Code ID 
ZTAT™ 

Cys Ox 
ROM Code LJ EPROM | Must Specify: Customer Programmed Start Address 
Media [J ZTAT Customer Programmed Stop Address —_E 
Operating 

[J] Standard [_] J (-40° C to +85° C) version if offered 

[_] Yes [] No Pre ViOUS Fatty PN aa 


(2) OPERATING CHARACTERISTICS (Fill in blank space or check appropriate box Lx] ) 


LSI Typical | °c | Target Level 1 
Ambient Of Reliability [J] 1000 aa LJ (__) 
Temperature _| Range [_] 500 Fit 
LSI Typical % | Acceptable Beal 
TE mage 
- _% | Level 
V 
Vv 



















Package Outline 
(See page 523.) 


















Options/Remarks: 













°C 
Amb; ee 
mbient M 
rmty [Rae posse So 
| Speci Merk) | 
Typical | Hours/Day | (¢ city MHz or KHz 


Remarks: 
Maximum Applied aes Max. 
Voltage To LSI 0 


(3) ELECTRICAL CHARACTERISTICS (Fill in blank space or check appropriate box Lx].) 


[] Purchasing Specifications _ ‘ Hitachi's Standard Specifications 


Refer To Data Sheet: - 


| | Hitachi Use Only ) | 
(4) CUSTOMER APPROVAL | | (5) ROM CODE VERIFICATION 


Shipping Date of | 
ROM To Customer 

| Approved Date of 
ROM From Customer 























Customer Name. 
| PO# 
Approved By (print) 






| Approved By (signature) 
Date 
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HD6301/HD6303 SERIES HANDBOOK 


Section Seven 


‘Software 


Application Notes 
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FOREWORD 


The HD6301/HD6303 is a family of 8-bit single chip CMOS microcomputers 
controlled by microprogramming. This family aids high speed data process by 
adding bit operation instruction, logical operation instruction, lower power 


consumption mode instruction, and accumulator and index register swapping 


instructions and adoping pipeline control, compared with the NMOS HD6801/HD6803 
FAMILY. 


APPLICATION NOTES summarize typical programs for the HD6301/6303 FAMILY 
to help users better understand instruction set and to provide them with 


references for making more customized programs. 


Programs described in APPLICATION NOTES have already been debugged. 


However, please be sure to check the operation in actual use. 
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<HD6301/HD6303 FAMILY APPLICATION NOTES GUIDE> 


1. How to Use APPLICATION NOTES 


1.1 Formats 


APPLICATION NOTES consist of Formats 1 to 4, shown in Fig. 1.1. 


Format 4 
Format 3 
Format 2 
Format 1 [ reurneu [ msaornossoy rane [taser | son | 


PROGRAM LISTING 


MCU/MPU HD6301/HD6303 FAMILY fraser | sun | 
FLOWCHART 


DESCRIPTION 
MCU /MPU HD6301/HD6303 FAMILY jase, | sim | 















FUNCTION 










SPECIFICATIONS 


ROM (Bytes) 





ARGUMENTS 





CHANGES IN CPU 
REGISTERS AND FLAGS 
e 


@ : Not affected 


x : Undefined 
{ = Result 












RAM (Bytes) 









AcCD 


coukom 
eee 
=a 


emaiiied 
omer 
[2 
aa 








Stack (Bytes) 








nterru 

















pi | | 


DESCRIPTION 


SPECIFICATIONS NOTES 


Pid. lel 





FUNCTION 
ARGUMENTS 
CHANGES IN CPU 


REGISTERS AND 
FLAGS 
Format 1 ~ _specrricATIONS 


DESCRIPTION 


Function 
Details 


User Notes 


SPECIFICATIONS NOTES 


Format 2--DESCRIP- __ RAM 
TION Description 


Sample 
Application 


Basic 
operation 


Format 3 — FLOWCHART 


Format 4 — PROGRAM LISTING 


APPLICATION NOTES Formats 
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Programs in APPLICATION NOTES can be implemented in two ways, i.e. 
(1) without change or (2) partially changed. Read the information that 


applies to the type of implementation to be carried out. 

(1) Without change 
(a) All of Format 1 
(b) RAM Description and Sample Application in Format 2 
(c) PROGRAM LISTING in Format 4 

(2) Partially changed (user originals) 


All of Formats 1 to 4 after reading these formats, change the 


FLOWCHART and PROGRAM LISTING according to user specification. 
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1.1.1 SPECIFICATION Format (Format 1) 


The SPECIFICATION Format is represented in Fig. 1.2. It gives program 
functions and specifications. Each item in the format is described 


using Fig. 1.2. 


ITEM NUMBER AND PROGRAM NAME MCU /MPU HD6301/HD6303 FAMILY 


(2) 








(3) 






(6) (7) 


CHANGES IN CPU | specrricarrons | 
REGISTERS AND FLAGS SPECIFICATIONS 


@ : Not affected ROM (Bytes) 


RAM (Bytes) 


Stack (Bytes) 


No. of cycles 


Reentrant 


Interrupt 






(5) 





















x : Undefined 















: Result 
ACCD 










(8) 


(1) Function Details 


(2) User Notes 


(9) SPECIFICATIONS NOTES 


Fig. 1.2 SPECIFICATION Format 
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(1) 


(2) 


(3) 


(4) 


ITEM NUMBER AND PROGRAM NAME: 
Indicates item number and program name in APPLICATION NOTES. 


<Example> 


SHIFTING 32-BIT DATA 





Item number Program name 
MCU /MPU : 


Indicates names of microcomputer, and microprocessor family 


applicable to a program. 


<Examp le> 


Microcomputer and microprocessor family 


name: HD6301/HD6303 FAMILY 





LABEL: 


Indicates the name identifying program entry point. 


When using a program as it is, call the label "SHR". 


<Examp le> 


1c 


Entry point label: SHR 


FUNCTION: 


Explains program functions. 


<Example> 


FUNCTION 


(a) Shifts 32-bit binary data in IX and ACCD to right. 


(b) Permits number of shifts to be freely determined. 


(c) Permits easy multiplication of 32-bit binary data by 27", (n:number of shifts) 
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(5) ARGUMENTS: 


Explains entry arguments which must be set before execution of a 


program, and return arguments after execution. 


(a) Contents: 


Explains meanings of arguments. 


(b) Storage Location: 
Indicates registers and RAMs in which arguments are to be 


set. The RAM is presented as a label followed by "(RAM)". 


(c) Byte length: 
Indicates byte length of the arguments. 


<Example> 


ARGUMENTS 


Storage | Byte 
j—contenes ——_terage, | Bate 


Upper 16 
bits of 
32-bit 
binary 
data to 
be shift- 
ed to 


Lower 16 
bits of 
32-bit 


binary 
data to 
be shift- 
ed to 


Upper 16 
bits of 
shift 
result 





(6) CHANGES IN CPU REGISTERS AND FLAGS: 


Explains changes in CPU registers after executing a program 
and flag changes of condition code register. Meanings of ab- 


breviations and symbols in the table are given as follows: 


(a) CPU register 
ACCA: Accumulator A 
ACCB: Accumulator B 
ACCD: Double accumulator (ACCA:ACCB) 


IX: Index register 
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(b) Flags of condition code register 


C: Carry/borrow flag (carry and borrow) 


V: Overflow flag (Indication in case of 2's complement 


operation). 


mH Ba N 


Zero flag (Indication in case of 0) 

Negative flag (Indication in case of negative) 
Interrupt flag (Interrupt mask) 

Half carry flag (Carry from bit 3 to bit 4) 


(c) State of CPU registers and condition code register flags 


@: Not affected: 
x: Undefined 


1: Result 


<Example> 


(7) 





CHANGES IN CPU 
REGISTERS AND FLAGS 
: Not affected 


x : Undefined 


: Result 














I 


es aa 
exes 

Ei 

oa eo 
oe ee 
ae 
ee ae 
a ee 
Le 


SPECIFICATIONS : 


Maintains previous values after executing 


a program. 


Does not maintain previous values after 


executing a program. 


Be set with the result of executing a 


program 


(Notes) 


In the example, after executing a program, 
contents of index register (IX), condition 
bit C, bit V, bit N and 
bit Z will be destroyed. 


code register (CCR), 


Thus, register 
contents which will be destroyed should be 


saved before executing a program. 


Explains program specifications. 


(a) ROM 
(b) RAM 
(c) Stack 


(Bytes): 
(Bytes): 


(Bytes): 


Indicates ROM capacity used in a program. 
Indicates RAM capacity used in a program. 


Indicates stack size used in a program. The 
RAM capacity in this table does not include 


the stack size. 
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When the program is executed, 


(d) No. of cycles : 


(e) Reentrant : 


(f£) Relocation : 


(g) Interrupt : 


<Example> 


it is necessary to reserve the stack size in 


RAM. 


Indicates maximum number of execution cycles 
when MCU executes a program. Calculate the 


execution time of the program as follows: 


Execution time (sec) = Cycle number x cycle 


time 


Cycle time (sec) = 4/(External oscillator (Hz)) 


Indicates whether a program has a structure 


which can be called from two or more routines 


at the same time. 


Indicates whether a program can be located in 


any memory space. 


Indicates whether MCU executes a program 
normally after serving an interrupt routine 
during program execution. If impossible, 
inhibit interrupt before the program is 


called. 






SPECIFICATIONS 


ROM (Bytes) 
RAM (Bytes) 
Stack (Bytes) 
261 
No 
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(8) DESCRIPTION: Explains function details and user 


notes of a program. 


Gives an execution example and detailed func- 


(a) Function 


Details tions of a program. 


(b) User Notes 


Explains notes and limitations when executing 


a program. 


* Be sure to read these items when using the 
programs without change. 


<Examp le> 


DESCRIPTION 


(1) Function Details 
(a) Argument details 
IX : Holds upper 16 bits of 32-bit binary data to be shifted to right. 
After SHR execution, contains upper 16 bits of shift result. 
: Holds lower 16 bits of 32-bit binary data to be shifted to right.. 


After SHR execution, contains lower 16 bits of shift result. 


SFCNTR: Holds number of shifts. 
(RAM) 


(b) Fig. 1 shows example of SHR execution. If entry arguments are held as shown 
in part () of Fig. 1, 32-bit binary data is shifted to right as shown in part 


@ of Fig. 1. In this case, "0" in upper 2 bits. 


b7 SFCNTR bO 
eee 
($02) 
Q@ entry b31 
arguments! IX:ACCD 


($C91456CF) 


($324515B3) 


® Return ee 
Ss 


argument 


Fig. 1 Example of SHR execution 


(2) User Notes 
Number of shifts should be held within range of $01 to $1F, otherwise 


ACCD and IX become "0". 





(9) SPECIFICATIONS NOTES: Explains notes on data process written in 


SPECIFICATIONS (7). 
<Examp le> 


SPECIFICATIONS NOTES 
"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 






shift 32-bit binary data 16 bits right. 
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1.1.2 DESCRIPTION Format (Format 2) 


The DESCRIPTION Format is represented in Fig. 1.3. It gives remaining 
Function Details, User Notes, RAM Description, Sample Application and 


Basic Operation. 


Each item in the format is described using Fig. 1.3. 


(2) (3) 
ITEM NUMBER AND PROGRAM NAME MCU /MPU HD6301/HD6303 FAMILY fase | 


DESCRIPTION 


(3) RAM Description 


(1) 





(4) 


(4) Sample Application 


(5) Basic Operation 





Fig. 1.3 DESCRIPTION Format 
(1) ITEM NUMBER AND PROGRAM NAME 


(2) MCU/MPU Same as SPECIFICATION Format 
(3) LABEL 
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(4) DESCRIPTION: 
Gives RAM Description, Sample Application, and Basic Operation. 


(a) RAM Description: Explains label and meaning of the RAM used 


in a program. 
<Example> 


9. SHIFTING 32-BIT DATA mcu/MpU | HD6301/HD6303 FAMILY 


DESCRIPTION 


(3) RAM description 


Label RAM Description 
b?7 b0 


SFCNTR [ts—isCY } Number of shifts is stored. 





(b) Sample Application: Gives a sample application in 


actual use. 
<Examp le> 
(4) Sample Application 


Subroutine SHR is called after number of shifts and 32-bit binary data to be 
shifted to right are held. 


WORK 1 RMB Reserves memory byte for 32-bit binary data. 
WORK 2 RMB Reserves memory byte for number of shifts. 
WORK3 Reserves memory byte for shift result. 


WORK 2 Stores number of shifts into 
SFCNTR Fs 


Fe entry argument (SFCNTR). 


WORK 1 | Loads 32-bit binary data to be shifted to 
WORK 1+2 


4 


right into entry argument (IX, ACCD). 


Calls subroutine SHR. 


STX WORK 3 __. Stores shift result (return argument 
STD WORK3+2 (IX, ACCD)) in RAM. 
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(c) Basic Operation: Indicates operating principles 


of a program. 


<Example> 


(5) Basic Operation 


(a) Uses 16-bit shift instruction (LSRD) provided in the HD6301/HD6303 FAMILY. 
(b) Upper 16 bits in 32-bit binary data are shifted to right. Here LSB is 


rotated to bit C. Lower 16 bits are rotated to right. At this time, LSB 


in bit C is rotated to MSB of lower 16 bits. 


SFCNTR(RAM) is used to keep track of number of shifts. SFCNTR(RAM) is 
decremented every time (b) is executed. 


Loops (b) to (c) until SFCNTR (RAM) is "0", 
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1.1.3 FLOWCHART Format (Format 3) — 


The FLOWCHART Format is represented in Fig. 4. It gives a program 


flowchart. Each item in the format is described using Fig. 1.4. 


(1) (2) (3) 





(4 FLOWCHART 





Fig. 1.4 FLOWCHART Format 


(1) ITEM NUMBER AND PROGRAM NAME 
(2) MCU/MPU Same as SPECIFICATION Format 


(3) LABEL 
© HITACHI 


(4) FLOWCHART: 


Comments on the FLOWCHART are described in the column on the right. 


<Example> 


9. SHIFTING 32-BIT DATA MCU /MPU HD6301/HD6303 FAMILY 


FLOWCHART 


Shift (ACCD) 
1 bit right 


Rotate (ACCA) 


1 bit right 


Rotate (ACCB) 


1 bit right 


(SFCNTR)=0 


Exchanges upper 16 bits with lower 16 bits 
in 32-bit binary data. 


Shifts upper 16 bits in 32-bit binary data 
to right, and shifts LSB to bit C. 


Exchanges upper 16 bits with lower 16 bits 
in 32-bit binary data. 


Rotates lower 16 bits in 32-bit binary 
data to right. Rotates LSB of upper 16 bits 
to MSB of lower 16 bits. 


Decrements shift counter. 


Tests if shift is completed. 
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1.1.4 PROGRAM LISTING Format (Format 4) 


The PROGRAM LISTING Format is represented in Fig. 1.5. Each item 


in the format is described using Fig. 1.5. 


(1) (2) (3) 


ITEM NUMBER AND PROGRAM NAME. MCU /MPU HD6301/HD6303 FAMILY | LABEL ae 


PROGRAM LISTING 





Fig. 1.5 PROGRAM LISTING Format 


(1) ITEM NUMBER AND PROGRAM NAME 
(2) MCU/MPU | Same as SPECIFICATION Format 
(3) LABEL 
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(4) PROGRAM LISTING: 


<Example> 


9. SHIFTING 32-BIT DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL ES 


PROGRAM LISTING 


00001 (a) JOIOIOIOICIGIOIOIOI IOIIOIOIOIOIOR IO IOIOIOICIOIOIOIOR ICICI IOI ICIOIOIOIOIOIOIOIOIOIOIOK 
00002 * * 
00003 * NAME : SHIFTING 32-8IT DATA CSHR) * 


00004 * * 









0000S (b) IOIOIOFOROROIOR IOROIOR IOI OIOK IOIOIOIOOIOIOIOIOIOICIOIOIOIOIOI IOI ICICI OI OICIOROROIOIOICIOK 
00006 * * 
00007 * ENTRY : IX CUPPER 16-BIT BINARY DATA) x 
00008 * ACCD (LOWER 16-BIT BINARY DATA) * 
00009 (c) * SFCNTR (SHIFT COUNTER) * 
00010 “x RETURNS : IX (UPPER 16-BIT BINARY DATA) x 
00011 * ACCD (LOWER 16-8IT BINARY DATA) x 
00012 * * 
00013 OIRO OIOIIOIOR IOI OOK OK OIOIOIOIOIOIICIOI IOIOIOIOIOIOI IOI IOIOIOR IOI IOI OIOIIOK 
00014 * 

CN01SA 0080 ORG $80 

00016 2 

00017A 0080 0001 A SFCNTR RMB 1 Shift counter 

00018 * 

00019A FOOD (d) ORG $FO00 

00020 * 

00021 FOOO AN\SHR EQU * Entry point 

00022A FOOO 18 XGDX Exchang 16-bit binary data 
00023A FOO] 04 LSRD Shift upper 16-bit binary data 
00024A FOO2 18 XGDX Exchang 16-bit binary data 
0002SA F003 46 RORA Shift lower 16-bit binary data 
00026A F004 Sé RORB 

00027A FOOS 7A 0080 A DEC SFCNTR Decrement shift counter 
00028A FOOB 26 Fé FOO0O BNE SHR Loop until shift counter = 0 


00029A RTS 





(a) NAME : Name of a program. ( ) means entry point label. 


(b) ENTRY 


shows storage location and contents of entry arguments. 


(c) RETURNS: shows storage location and contents of returns arguments. 


(d) SHR 


shows entry point label. 
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1.2 How to Execute Programs 


Relation between the programs in APPLICATION NOTES and user program is 
shown in Fig. 1.6. All programs in APPLICATION NOTES are formed as a 
subroutine, they should be proceeded as shown in Fig. 1.6 and (1) to (5) 


on the next page. 


An example of a user program in which a program in APPLICATION NOTES 


accessed as a subroutine is shown in Fig. 1.7. 


User program 


a) 


0 
__JSR a 
@) [Sait sanroatine) 


©) ammneen] | = 
(5) Restore register 


Program in APPLICATION NOTES 


Fig. 1.6 Relation between User Program and Program in APPLICATION NOTES 


User program 


LDAB WORK1 


STAA WORK2 }$---- Holds entry arguments in user's program. 
LDX WORK3 


| JSR FILL | ----Calls a program. 


Note) In the programs in APPLICATION NOTES, 
registers are saved when they are used as work 


areas and not as arguments. 


Fig. 1.7. Example Showing How to Execute a Program 


©) HITACHI 


(1) Save register contents that will be destroyed by program execution: 


CPU registers used in the programs may return to the user 
program while destroying the contents of the registers. 
Thus, registers should be saved, if necessary. Refer to 
the "CHANGES IN CPU REGISTERS AND FLAGS" column in 
SPECIFICATION Format (Format 1) for the register conditions 


after a program is executed. 


(2) Hold entry arguments: 


Holds entry arguments to the CPU registers or a particular 
address in the memory before calling a program in the user 
program. Refer to "ARGUMENTS" in the SPECIFICATION Format 


(Format 1) for entry arguments to be held. 


(3) Call subroutine: 


A program is called. 


(4) Contain return arguments: 


After a program is executed, the result contained in the 
return arguments must be handled according to the user's 
purpose. 


Refer to "ARGUMENTS" in the SPECIFICATION Format (Format 1) for 


results. 


(5) Restore register: 


Registers saved in (1) are restored here. When (1) is operated, 


(5) must also be operated. 


Moreover, note that when a program is used as a subroutine, the 
stack area shown in "SPECIFICATIONS" (Refer to (7) in Fig. 1.2) is 
necessary in addition to that for the subroutine call in the user 
program. When a subroutine is called, the above stack area must be 


assured. 
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1.3. Symbols 


' Symbols and abbreviations used in APPLICATION NOTES are defined 


as follows. 


(a) Operation (b) Register symbols in MCU/MPU 
( ) = Contents ACCA = Accumulator A 
( ) = Index register addressing ACCB = Accumulator B 
> = Data transfer direction ACCD = Double accumulator (ACCA : ACCB) 
+ = Addition CCR = Condition code register 
- = Subtraction IX = 16-bit index register 
2 = Multiplication IXH = Upper 8-bit index register 
/ = Division IXL = Lower 8-bit index register 
A = AND 
V = OR 
@ = Exclusive OR 
x = NOT 
(c) Contents of bits 0 through 4 of condition code register 
C = Carry or borrow bit 0 
V = 2's complement operation overflow bit 1 
Z = Zero — bit 2 
N = Negative bit 3 
I = Interrupt mask bit 4 
H = Carry from bit 3 to bit 4 bit 5 r 
(d) Others 
= = Equal sign 


Not-equal sign 


V, A 
rl 


< 
f= Comparison signs 
Ss 

»9= ASCII inside ” ’ 
$ = Hexadecimal data 


Labels of sequential addresses 
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PROGRAM APPLICATION TABLE 


FILLING CONSTANT VALUES FILL 


MOVING MEMORY BLOCKS MOVE 
MOVING STRINGS MOVES 


BRANCHING FROM TABLE CCASE 


CONVERTING ASCII LOWERCASE INTO 


PR 
UPPERCASE = 





CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL 


NIBBLE 


CONVERTING 8-BIT BINARY DATA 
INTO ASCII 


COBYTE 


COUNTING NUMBER OF LOGICAL "1" 


HCNT 
BITS IN 8-BIT DATA 


SHIFTING 32-BIT DATA 
4-DIGIT BCD COUNTER DECNT 
COMPARING 32-BIT BINARY DATA 


ADDING 32-BIT BINARY DATA 


SUBTRACTING 32-BIT BINARY DATA 


MULTIPLYING 16-BIT BINARY DATA 
DIVIDING 16-BIT BINARY DATA 


ADDING 8-DIGIT BCD 
SUBTRACTING 8-DIGIT BCD - SUBD 
16-BIT SQUARE ROOT SQRT 


CONVERTING 2-BYTE HEXADECIMALS 
INTO 5-DIGIT BCD 





KR 
oO 


HEX 


CONVERTING 5-DIGIT BCD INTO 
 2-BYTE HEXADECIMALS 


2d SORTING SORT 


BCD 


No 
© 





Page 


Oyu 


ON 
- 


0O ~~ NSN ON Sa) 1S) > > 


CO 
am 


N 


\O 
Oo 


100 


106 


112 


118 


123 


128 


135 
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1. FILLING CONSTANT VALUES MCU /MPU HD6301/HD6303 FAMILY | LABEL FILL 


FUNCTION 


(a) Stores one-byte constant in RAM. 
















(b) Permits RAM location and byte length to be freely selected. 


CHANGES IN CPU 
REGISTERS AND FLAGS 
@ : Not affected 


x : Undefined 
{ : Result 


ACCD 
ACCA ACCB 


(c) Permits easy clearing of RAM. 
ARGUMENTS 
eT ee Storage Byte 
Location | Leth. 


Byte 1 

Entry Length ACCB 2 
pad 

Re- 

turns 


( 
\ 


DESCRIPTION 













SPECIFICATIONS 


ROM (Bytes) 


Stack (Bytes) 
0 


No. of cycles 






























Argu- 


ments 





Reentrant 










Starting 
Address 









Relocation 
Interrupt ~ 


Yes 


IX 

x 
a ae 
2 | oN | 


| b7_ACCA_bO 
(1) Function Details 


@entry 4% 


(a) Argument details arguments 


ACCA: Holds one-byte constant in RAM. 







ACCB: Holds byte length of constant. 










IX : Holds starting address of RAM. : Starting 
address. goovo 

(b) Fig. 1 shows example of FILL execution. IX 
If entr arguments are as shown in @ Result ee 

y Constant length 

part Q)of Fig. 1, $57 in ACCA is ($57) No 
stored in RAM as shown in part (2) meee oe 
of Fig. l. 







Fig. | 





Example of FILL execution 





SPECIFICATIONS NOTES| _ 


'No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 
write constant in 16-byte RAM. 
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DESCRIPTION 


1. FILLING CONSTANT VALUES MCU /MPU HD6301/HD6303 FAMILY | LABEL | FILL 


(2) User Notes 
(a) As ACCB is only one byte in length, data must be between $01 and $FF. 
(b) ACCB should not held to "0", otherwise constant is held in 256 bytes. 


(3) RAM Description 


RAM is not used during FILL execution. 


(4) Sample Application 
Subroutine FILL is called after constant, byte length and starting 


address are held. 


WORKI RMB | Reserves memory byte for byte length. 
WORK2 RMB | Reserves memory byte for constant. 


WORK3 RMB 2 steceeees Reserves memory byte for start address. 


LDAB WORK1 --+-°+* Loads byte length into entry argument (ACCB). 


LDAA WORK2 -----> Loads constant into entry argument (ACCA). 
LDX WORK3 -°°:-> Loads starting address into entry argument (IX). 
| JSR FILL |-- Calls subroutine FILL. 


-W3vaaswe woe 





(5) Basic Operation 
(a) IX is used to indicate address in RAM where constant is stored. 
(b) Using index addressing mode, constant in ACCA is stored in RAM in order. 
(c) ACCB is used to indicate byte length of constant. It is decrimented each 


time constant is stored, until ACCB is "0". 
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FLOWCHART 


1. FILLING CONSTANT VALUES MCU /MPU HD6301/HD6303 FAMILY | LABEL | FILL 


FILL 








FILL 


(ACCA)—>(€ IX) 


(ACCB)<0 


Stores constant in entry argument in RAM 


—| indicated by IX. 





Increments pointer indicating address in 
RAM where constant is stored. 





Decrements byte length counter. 











(ACCB) =0 4 Tests if operation is completed. 


(ACCB) =0 
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FILLING CONSTANT VALUES MCU /MPU HD6301/HD6303 FAMILY | LABEL FILL 


| PROGRAM LISTING LISTING 


00001 
00092 
Q0003 
00004 
0000S 
00006 
OO000?7 
00008 
00009 
00010 
00011 
00012 
00013 
Q0014A 
00015 
00016 
Q0017A 
00018A 
000194 
O00020A 
O00Z21A 


FQOO 


FOOO 
FOO2 
FOQ3 
FOO4 
FOO6 


FOOQ A 
A? 00 A 
08 
SA 
26 FA FOOO 
39 


FKOK OKO OOK OK IO OOK HOROK OK OKO OK KOK OOK KOK KK OKO KOK KOK HOOK CK KOK KK OK 


* * 
* NAME : FILLING CONSTANT VALVE (FILL? »* 
* * 
OOK OOOO COO OOOROOK IO OOO OK OOIOK OK OK OOK OK IK I IOK KKK 
* * 
*. ENTRY : ACCA CCONSTANT) * 
* ACCB (BYTE COUNTER) * 
* IX CSTART ADDR? * 
* RETURNS : NOTHING >* 
> * 
OOOO ORO OOOO OKO ORO OOO OOK HO OK HOK HOOK 


ORG $FOOO 
* 


sao EQU >» Entry paint 
STAA Osx Store constant 
INX Increment ADDR 
DECB Decrement byte counter 
BNE FILL Loop until byte counter = 
RTS 
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2. MOVING MEMORY BLOCKS MCU/MPU HD6301/HD6303 FAMILY LABEL | MOVE 


FUNCTION 







(a) Moves data block in memory to RAM. 


! 


(b) Permits byte length and source and destination addresses to be freely 


San ane puacs | SPECHRICATIONS 
REGISTERS AND FLAGS SPECIFICATIONS 


ROM (Bytes) | 
16 


Stack (Bytes) 


No 


selected in memory. 











ARGUMENTS 


Storage Byte 
| coneenes | REE Bh. 


Source 
starting IX 2 
address 
Destina- 
2 
z 


tion 
IX: Holds source starting address in 2-byte hexadecimal number. 


















@ : Not affected 








x : Undefined 


: Result 














starting 
address 


(1) Function Details 








(a) Argument details 





DEA(RAM): Holds destination starting address in 2-byte hexadecimal number. 
ACCB: Holds byte length of data block to be moved in l-byte hexadecimal 


number. 


SPECIFICATIONS NOTES 
"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed for 





16-byte data move. 
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| DESCRIPTION si 


MOVING MEMORY BLOCKS MCU /MPU HD6301/HD6303 FAMILY LABEL MOVE 
"= IX 


sities) boa eae 









(b) Fig. 1 shows example of MOVE Gh) eaery DEA nan) DEA DEAt1 
execution. arguments b7 accB bO 
If entry arguments are as shown in Ee? 
part (1) of Fig. 1, data in source Address space 
($FO0O0 — $F009) is moved to Destination, .,,,, Li 
inati = Starting address ; , : 
destination ($0090 - $0099) og . ae ere 
as shown in part 2) of Fig. l. data block 
$0099 
(2) User Notes 
Q) Result 
(a) As ACCB is only one byte in length, Source starting 
—$ F000 
its data must be between $01 and $FF. address IX Source 
soa} data 
(b) ACCB should not held to "0", otherwise block 
data of 256 bytes will be moved. se Le eae i : 
yte lengt 
(c) Sets entry so that source area to be moved 
(Fig. 2@)) and destination ACCB 
area (Fig. 2©) do not overlap. Fig. 1 Example of MOVE execution 


If they do, the source data in 


overlapping area (Fig. 2(®)) will be 
destroyed. 


Address space 


Source start 
address 
Destination 
start 
address 





Fig. 2 Example of overlapping 
the source area with 
destination area 


(3) RAM Description 


Label Description 


ee Upper: Byte Destination starting address is 


Lower byte stored in 2-byte hexadecimal number. 
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MOVING MEMORY BLOCKS MCU /MPU -HD6301/HD6303 FAMILY | LABEL | MOVE 


| DESCRIPTION = 
a. Sample Application 
Subroutine MOVE is called after source starting address, destination starting 


address and byte length to be moved are held. 


WORK 1 RMB 2 SaaS ss Reserves memory byte for source starting 
address. 
WORK 2 RMB 2 -erco- Reserves memory byte for destination starting 
address. 
WORK 3 RMB a ara a Reserves memory byte for byte length to 
be moved. 
! 
PSHA- “SsS5> Saves register:contents that will be 


destroyed by executing MOVE. 


LDX WORK1 ----- Loads source starting address into 
entry argument (IX). 
| LDD WORK 2 | eee Stores destination starting address into 
STD DEA entry argument (DEA). 


LDAB WORKS: “===+= Loads byte length to be moved into entry 
argument (ACCB). 


| JSR MOVE ee Calls subroutine MOVE. 
PULA. ==s== Restores register. 
! 
(5) Basic Operation 
(a) IX is used to indicate source and destination addresses, which are alterna- 
tely loaded into IX. 
(b) Data is moved from source area to destination area, one by one in order, 
using index addressing mode. 
(c) ACCB is used to indicate byte length to be moved. It is decremented 
each time (b) is executed. (b) is looped until ACCB is "0". 
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2. MOVING MEMORY BLOCKS MCU /MPU HD6301/HD6303 FAMILY | LABEL | MOVE 


FLOWCHART 


MOVE 





















(IX)>ACCA —— Loads source data into ACCA. 


(IX)+1->I1xX Se Increments source address. 


PUSH( IX) --- Saves source address. 
Loads destination address into IX. 


(DEA: DEA+1)—>1IX | --- 


Transfers data in source area to destination 
area. 


(ACCA)—>(€C IX) eae 
Increments destination address. 


(IX¥)+1->I1X --— 


(IX)-DEA:DEA+1 | --- Saves destination address. 


mo et rt rt or 


PUG. “a2X Restores source address in IX. 


Decrements counter indicating byte length 
to be moved. 


(ACCB)—-1-ACCB | --- 


(ACCB )¥*0 





Tests if move is completed. 


(ACCB)=0 
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MOVING MEMORY BLOCKS MCU /MPU HD6301/HD6303 FAMILY | LABEL | MOVE 


PROGRAM |PROGRAM LISTING —| 


00001 {OOOO OOOO OOOO IO IO OR IO IO IOI IK OK KKK I IOKOKK KOK IK 
00002 * * 
00003 * NAME : MOVING MEMORY BLOCKS (MOVE) * 
00004 * 

0000S OOOO OOOO OOK IO OOOO IO OK NOK IOI OK OK OKC 
00006 * * 
00007 * ENTRY : IX CSOURCE ADDR) * 
00008 * DEA <CDESTINATION ADDR) a 
00009 * | ACCB (TRANSFER COUNTER) * 
00010 * RETURNS : NOTHING * 
00011 * * 
00012 BORO OOOO ORO IOI OOOO OK IO I IOI KI OK IOKOK I KOK KKK 
00013 * 

00014A 0080 ORG $80 

00015 * | 

00016A 0080 0002 A DEA RMB 2 Destination ADDR 

00017 * 

00018A FOOO ORG $FOOO 

00019 * 

00020 FOOO A MOVE EQU * Entry point 
00021A FOOO A6é 00 A LDAA 0.X Load transfer data 

00022A FOO2 O08 INX Increment source ADDR 
00023A F003 3C PSHX Push source ADDR 

00024A F004 DE 80 A LDX DEA Load destination ADDR 
0002SA FO06 A? 00 fa) STAA O.X Store transfer data 

00026A FOO8 08 INX Increment destination ADDR 
00027A FOO? DF 80 A STX DEA Store destination ADDR 
00028A FOOB 38 PULX Pull sorce ADDR | 
00029A FOOC SA DECB Decrement transfer counter 
00030A FOOD 26 Fi FOOO BNE MOVE Loop until transfer counter = 0 
O00031A FOOF 39 RTS 
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3. MOVING STRINGS MCU /MPU HD6301/HD6303 FAMILY | LABEL | MOVES 


FUNCTION 


(a) Moves data block in memory to RAM. 








(b) Terminates moving process when terminator $00 is found in data block. 


(c) Permits source and destination addresses to be freely selected in memory. 


; SPECIF 
ARGUMENTS RECISTERS AND FLAGS CIFICATIONS 
@ : Not affected ROM (Bytes) 


Locate —— = ae 
Source 
Stack (Byt 
starting IX 2 | Stack (Bytes) (Bytes) 
aladeh 


Destina- No. of cycles 

rion | neascemo| 2 
starting 

address 





(1) Function Details (1) Entry DEAS DEAS +1 


: DEAS : 
arguments | (goose) 


Address space 


No 

Yes 
DESCRIPTION b15 IX bO 
| (FTe [eT] 


(a) Argument details 
IX : Holds source starting address 


in 2-byte hexadecimal number. Destination $0090 


starting 
address 


DEAS(RAM): Holds destination starting DEAS (RAM) Destination 


d 
address in 2-byte hexade- ata block 


cimal number. (2) Result 


(b) Fig. 1 shows example of MOVES execution. Source atarting»$Fo00 


address 1X 
Source data 
block 


Terminator 5 
<— indicating 
the end of 
data block 


Fig. 1 Example of MOVES execution 


If entry arguments are as shown in part () of 
Fig. 1, data in source ($F000) is moved to 


destination ($0090) as shown 





SPECIFICATIONS NOTES 
"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed, when 


terminator is put at the 16th byte. 


@ HITACHI 
703 





MOVING STRINGS MCU /MPU HD6301/HD6303 FAMILY | LABEL “MOVES 


| DESCRIPTION sd 


in part 2) of Fig. 1. When it loads terminator $00, MCU terminates moving 


process. 
(2) User Notes 


(a) Source data block is 64k bytes long or 


less. Last byte contains $00 as 
Address space 


terminator. ; 
source starting 


(b) Source data must not contain any $00 address 


y ; Destination 
function other than terminator. rere se 700700200, 5 


starting Zz Oy ls 


(c) Holds entry arguments so that source address 








area (Fig. 2 (A)) and destination area 


(Fig. 2©)) do not overlap. If they 


do, the source data in overlapping Fig. 2 Example of overlapping the 


area (Fig. 2@8)) will be destroyed. source area with 
| destination area 


(3) RAM Description 


Label | RAM Description 
b/7 bO 


DEAS Upper byte | : . ; . 
PP y Destination starting address is stored in 


Lower byte 2-byte hexadecimal number. 





(4) Sample Application 
Subroutine MOVES is called after source starting address and destination 


starting address are held. 


WORK 1 RMB Zo eee Reserves memory byte for source starting 
| address. 
WORK 2 — RMB 2. * sees Reserves memory byte for destination 


starting address. 
! 
) 
PSH =e Se= Saves register contents that will be 
destroyed by executing MOVES. 
LDX WORK 2 ; Stores destination starting address into 


STX DEAS entry argument (DEAS). 


LDX WORK. ===> Loads source starting address into 


entry argument (IX). 


lf | ee MOVES |----- Calls subroutine MOVES. 
PULA -~---- Restores register. 
: 
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MOVING STRINGS MCU /MPU HD6301/HD6303 FAMILY | LABEL | MOVES 


| DESCRIPTION = 
ee Basic Operation 


(a) IX is used to indicate source and destination addresses, which are alterna- 
tely loaded into IX. | 

(b) Source data is loaded into ACCA using index addressing mode. Data in ACCA is 
tested if it is terminator. If so, subroutine MOVES is terminated. If not, 


moving process continues until the terminator is found. 
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MOVING STRINGS | MCU /MPU HD6301/HD6303 FAMILY | LABEL MOVES 
| FLOWCHART =i (asesséid 


MOVES. 


(IX)-~ACCA 


(ACCA)¥$ 09 
(ACCA)=$00 







Loads source data into ACCA. 






If so, terminates subroutine MOVES. 


ie if source data is terminator $00. 










MOVES1 | (ACCA)=$00 


(IX)+1->I1X | 
PUSH( IX) oe = 
(DEAS: DEAS+1)—>IX]_ — 1 
Transfer data in source area to 
(ACCA)>( IX) Sas : 
estination area. 


Increments source address. 
Saves source address. 


Loads destination address. 


Increments destination address. 


(IxX)+1->I1xX = 
(1X) -DEAS:DEAS+1 = 
PULL. EX me 


Saves destination address. 


Restores source address. 
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3. MOVING STRINGS MCU /MPU HD6301/HD6303 FAMILY | LABEL | MOVES 


PROGRAM LISTING 


00001 FOO OOOO I CIO OOOO OI OI OK IOIOICIOK HOK IKK 2K 
00002 * . 
00003 >» NAME : MOVING STRINGS CMOVES> *« 
00004 * * 
00006 * * 
00007 * ENTRY : IX CSOURCE ADDR) » 
00008 * DEAS (DESTINATION ADDR) * 
00009 >» RETURNS : NOTHING * 
00010 * * 
00011 OOO OOOO OOOO OOO KOKORO OOO OK OR OOK OK IK HOK IOK IK KOK KOK OK 
00012 

00013A 0080 ORG $80 

00014 * 

0001SA 0080 0002 A DEAS RMB 2 Destination ADDR 

00016. * 

00017A FODO ORG $F O00 

00018 * 

00019 FOOO A MOVES EQU * Entry point 

00020A FOOO A6é 0D A LDAA aX Load transfer data 
00021A- F002 27 OC FO1O BEG MOVS1 Branch if transfer data = 0 
00022A FOO4 08 INX Increment source ADDR 
00023A FOOS 3C PSHX Push source ADDR 

O0024A FOO6 DE 80 A LDX DEAS Load destination ADDR 
0002SA F008 A? 00 A STAA 0.x Store transfer data 
00026A FOOA O08 INX Increment destination ADDR 
00027A FOQOB DOF 80 A STX DEAS Store destination ADDR 
00028A FOOD 38 PULX Pull source ADDR 

00029A FOOE 20 FO FOOO BRA MOVES Branch MOVES 

00030A F010 39 MOVS1 RTS 
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4. BRANCHING FROM TABLE MCU /MPU HD6301/HD6303 FAMILY LABEL CCASE 


FUNCTION 


(a) Loads service routine starting address into IX corresponding to the 1-byte 










command in ACCA. 


(b) Permits easy decoding and processing of keyboard and other data inputted. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
: Not affected ROM (Bytes) 
iL ‘ 


acinar (aes a ne 


Le a rs 
Entry 
Argu- 





Data | No. of cycles 
Gee 
starting 


ments es 
see 
routine ' erocearron 
address 
<uees Interrupt 
Yes 


poe | yes 
existance 


DESCRIPTION bitC bl5 1x bO 
(1) Function Details G) Entry Undefined bZacca bO 
argumentsS|acca( $42) + 2 


A td L1 
(a) Argument details eee ¥ 7 


Return 
ACCA: Holds command such as ASCII. a eeme esl mCsteH [>] 


IX : Holds data table starting address. Fig. 1 Example of CCASE execution 









After CCASE execution, IX contains Address Address space Description 
° ° ° Staurclug address en say 
service routine starting address Orda eee Command "AT 
1x Data block 1 en een 
° ° starting ¢ uss 
corresponding to the command in oe aaa 


Conmand 'B' 
Service routine 
starting address 
for command 'B! 


ACCA as 2-byte hexadecimal number. man | 


Terminator : 
«indicating the 
end of data 
block 


Fig. 2 Example of data table 
SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 
find data at the end of three data units. 
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BRANCHING FROM TABLE MCU /MPU HD6301/HD6303 FAMILY | LABEL | CCASE 


DESCRIPTION =| 


bit C : Indicates CCASE termination. 
bit C=l1 : Data in data table is the same as that in ACCA. 
bit C=0 : Data in data table differs from that in ACCA. 
(b) Fig. 1 shows example of CCASE execution. 
If entry arguments are as shown in part @ of Fig. 1, CCASE locates starting 
address of command service routine in data table (Fig. 2) and contains it 


in IX as shown in part @)of Fig. 1. 


(c) Data table shown in Fig. 2 must be set up before CCASE execution. It 
contains 3=byte data units beginning at $FEOO and terminator indicating the 
end of the table. The first byte of the 3-byte data units 1s command. 

The second and the third bytes contain upper and lower bytes of command 


service routine starting address respectively. 


(2) User Notes 
Do not use $00 as argument (IX) or as command in data table. It functions as 


terminator only. 


(3) RAM Description 


RAM is not used during CCASE execution. 
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BRANCHING FROM TABLE MCU /MPU HD6301/HD6303 FAMILY CCASE 


| DESCRIPTION sd 
(4) Sample Application 


Subroutine CCASE is called after command and starting address of data table 


are held. 
WORK 1 RMB b- Seer Reserves memory byte for command. 
I 

PSHB ----- Saves register contents that will be 
destroyed by CCASE execution. 

LDX #DTABLE ----- Loads data table starting address into 
entry argument (IX). 

LDAA WORK ‘===> Loads command into entry argument (ACCA). 

| JSR ccase| == Calls subroutine CCASE. 
PULB-  “s=R= Restores register. 
BCC ERROR -----" Tests if there is command corresponding to 


inputted command in data table. 


command corresponding to inputted command 


in data table. 


{ 
J 
! 
| 
1 
I 
ERROR] Error program ----- Executes error program because there is no 
! : 
! 


ORG $FDO0O0 ----- Data table starting address. 
DTABLE FCC A. 06060 Command ’A’. 
FDB $FO20 ----- Service routine starting address 


for command ’A’. 


FCC id a a Command ’B?”. 


FDB $F045  ----- Service routine starting address 


for command ’B’. 


FCB $00 ---- Terminator 
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BRANCHING FROM TABLE MCU /MPU HD6301/HD6303 FAMILY | LABEL | CCASE 


| DESCRIPTION si 


(Note) 


* Example of branching to command service routine after CCASE execution; 


CCASE functions only to store starting address of command service routine in 


IX. Program as in the example below to branch to the command service routine. 


JSR CCASE | ne oe Calls subroutine CCASE. 


BCC ERROR <-<-- Branches to ERROR if bit C is cleared. 





Jump to command 


service routine JMP 0g. %.. Ses= Jumps to command service routine. 


(5) Basic Operation 


(a) IX is used to indicate data table starting address. 

(b) Commands in data table are read in order from starting address using index 
addressing mode and compared with inputted command. 

(c) If commands in data table match the inputted command (ACCA), stores service 


routine starting address for the inputted command, sets bit C and subroutine 
CCASE is terminated. 





(d) If terminator $00 is found in data table, clears bit C and subroutine CCASE 


is terminated. 
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BRANCHING FROM TABLE MCU/MPU_| HD6301/HD6303 FAMILY | LABEL CCASE 


| FLOWCHART 







CCASE 


(1x)=$00 | Tests if command in data table is 
(1X )—$00 ——--| terminator $00. Bit C is cleared because 
test instruction (TST) is used. 


(1X)¥ $00 






(ACCA) ACIX) 


(1X)+3->1X 


Compare inputted command with command 
in data table. 


eS they are different, adds "3" to 







(ACCA)=(IX) 





pointer indicating data table address 
to compare it with next command in data 
table. 









CCAS 1 


(IX )-1X 





If matched, loads starting address of 
command service routine into IX. 


3a) Ser bit C. 
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4. BRANCHING FROM TABLE MCU /MPU HD6301/HD6303 FAMILY | LABEL | CCASE 


PROGRAM LISTING 


00001 OOOO IORI IO IORI OOK OI OIRO OI II OK IOI KK KOK KKK KKK 
00002 * * 
00003 * NAME : BRANCHING FROM TABLE CCCASE) 
00004 * * 
0000s HCI CIC DCC CDK IC IC IC CK CK CCC HC HK IC HK DIC OK DIK CDK OK HC DIK 3 4 KC IC CC 2 DIK 3K DK CCK 2K OK 
00006 * * 
00007 * ENTRY ° ACCA <CCOMMAND > * 
00008 * IX (TABLE ADDR) * 
00009 >» RETURNS : IX (MODULE ADDR) * 
00010 * CARRY (C=1;TRUE.C=O:;FALES) x 
00011 * * 
00012 TDA HC CCC CK DC COO IC HC CC CK OIC CCCI DCC 2K DIC DC CIC CHC CDC DK CNC KK 4 CK DCC KCK 
00013 * 

00014A FOOO ORG $FOO0 

00015 * 

00016 FOOO A CCASE EQU * Entry point 

Q00017A FO00 60 00 A TST O.X Command of table = 0 ? (0 —> carry) 
00018A FOO2 27 OD F011 BEQ CCAS2 Branch if command of table = 0 
00019A F004 Al 00 A CMPA O0.X Command = command of table 7 
00020A F006 27 OS FOOD BEQ CCAS1 Branch if equal 

00021A F008 08 INX Increment pointer of table ADDR 
00022A FO09 08 INX 

Q0023A FOOA 08 INX 

00024A FOOB 20 F3 FOOO BRA CCASE Branch CCASE 

0002SA FOOD 08 CCASi1 INX Increment pointer of table ADDR 
00026A FOOE EE 00 A LOX 0.x Load module ADDR 

00027A F010 OD SEC Set carry bit to ''1"' 

00028A F011 39 ~ CCAS2 RTS 





@ HITACHI 
713 


FUNCTION 


5. CONVER | 
eee ee MCU/MPU | HD6301/HD6303 FAMILY | LABEL 


(a) Converts ASCII lowercase data in ACCA into uppercase and loads result into 


ACCA. 





(b) Utilizes 7-bit ASCII in arguments. 


ARGUMENTS 










cae ane wiaca | SPECIFIarions | 
REGISTERS AND FLAGS | SA ECIFICATIONS 
@ 


ROM (Bytes) 
ll 
RAM (Bytes) 


Stack (Bytes) 


No. of cycles 


: Not affected 









x : Undefined 


t : Result 


ACCD 





















Storage Byte 
[coments fice | Eat. 


Lowercase 
(ASCII) 




























Reentrant 


Yes 





Uppercase 


Ix 

C 

(ASCII) * 
Z 

x 

i 


<a 
cee 

pd 
ae ae 
2 
sae 
ren sS 


(1) Function Details 





(a) Argument details 
b/ ACCA bO 


* 


ACCA: Holds ASCII lowercase data. ACCA 
After TPR execution, contains the Entry Greer 

: argument \ 4 $61 

corresponding uppercase data. 


(b) Fig. 1 shows example of TPR execution. b7 ACCA bO 


~ 


b b 
If lowercase ’a’ ($61) ® Return | ieseesaae 
is held in ACCA as shown in part Gd) argument’ \ °A’ $41 


of Fig. 1, it is converted into Fig. 1 Example of TPR execution 
uppercase °A’ ($41), and the result 

is contained in ACCA as shown in part Q) 

of Fig. l. 
SPECIFICATIONS NOTES 
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CONVERTING ASCII LOWERCASE 
eae a eras MCU /MPU HD6301/HD6303 FAMILY | LABEL TPR 


| DESCRIPTION = 


(2) User Notes 
Lowercase data should be held into ACCA, otherwise lowercase data is saved and 


not converted into uppercase. 


(3) RAM Description 


RAM is not used during TPR execution. 


(4) Sample Application 


Subroutine TPR is called after lowercase data is held into ACCA. 


WORK1 RMB Lk == Reserves memory byte for lowercase data. 
WORK 2 RMB Bo) SS Reserves memory byte for uppercase data. 
J 
' 
t 
I 
t 
| 
LDAA WORK1L ----- Loads lowercase data into entry argument 
(ACCA). 
JSR TPR Sao Calls subroutine TPR. 
STAA WORK2 ---7- Stores uppercase data (return argument 


(ACCA)) in RAM. 


(5) Basic Operation 





(a) A compare instruction (CMP) is used to test if entry argument in ACCA is 
lowercase or not. 

(b) Entry argument and $DF are ANDed using logical AND instruction (AND), and 
lowercase is converted into uppercase by clearing bit 5 of lowercase as 
shown in Fig. 2. 

(c) If entry argument is other than in lowercase, subroutine TPR does not execute 


any operation, and entry argument is saved. 
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ot E areene nee peor MCU /MPU HD6301/HD6303 FAMILY | LABEL sek 


| DESCRIPTION =i 
bit? 6 5 438 2 10 
$b bbb be 
a( $61) 0 iff1jjfo 0 0 O 1 
b( $62) 0 1f1j/o 0 0 1 0 
c($63) 0 1ffi1jjfo 0 0 1 1 +} Lowercase (bit 5="1") 


z($7A) 0 1 


oO 
i=) 
oS 
i) 
~ 


AC $41) 01 
B( $42) 01 
C( $43) 01 
' 
ZC$5A) 0 1012 1 01 0 


Go oo 
Go & 
Cc © 
~~ 
~~ Oo 


Uppercase (bit 5="0") 


Fig. 2 Lowercase and uppercase of 7-bit ASCII 
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5. CONVERTING ASCII LOWERCASE 
NiO. GDR DG Ga MCU /MPU HD6301/HD6303 FAMILY LABEL 


FLOWCHART 





CACCA)<’a’ 










Tests if entry argument is within range 
> ’ ’ 
ee of ASCII lowercase ’a’ to ASCII 


lowercase ’z’. 






CHCCA) SO "Ze 






(CACCA)SS’ z’ 


(ACCA)ASDF>ACCA] -—-- Clears bit 5 of lowercase and converts 
it into uppercase. 
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CONVERTING ASCII LOWERCASE 
INTO UPPERCASE MCU /MPU HD6301/HD6303 FAMILY | LABEL Pa 


| PROGRAM LISTING | | PROGRAM LISTING | 


00001 FOO CIO ORO OO IORI ORI OOK IOI OOK OOK IHOK 

00002 »* Ok 

00003 * NAME : CONVERTING ASCII LOWERCASE INTO * 

00004 * UPPERCASE (TPR) * 

0000S *K * 

00006 YOR OOOO OO OO OOO OOK TOR IOI IO IOI IOI IOI II OK IOI IK OK KOK OK KKK KOK 
— 00007 * K 

00008 * ENTRY : ACCA CASCII LOWERCASE) * 

00009 * RETURNS : ACCA (ASCII UPPERCASE) K 

00010 * * 

00011 OOK OOK IORI OIOROR OR IO OIC OK IOIOIOI OOOO IOI OOK OK IK HOOK HOI KC HOK 

00012 

00013A FOOO ORG $FOOO 

00014 * 

00015 FOOO A TPR EQU * Entry point 

00016A FOOO 81 61 A CMPA H'a ACCA-'a' ? 

00017A FOO2 25 06 FOOA BCS TPR1 Branch if ACCA<'a' 

00018A FOO4 81 7A A CMPA H'z ACCA-'z' ? 

00019A FOO6 22 O02 FOOA BHI TPR1 Branch if ACCAd‘z' 

00020A FOO8 84 OF A ANDA HSOF Convert Lowercase into Uppercase 

00021A FOOA 39 TPR1 RTS 
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CONVERTING ASCII INTO l- BYTE 
HEXADEC IMAL MCU/MPU HD6301/HD6303 FAMILY LABEL |NIBBLE 
FUNCTION 


(a) Converts ASCII ’0’ to ’9’ and ’A’ to ’F’ in ACCA into l-byte hexadecimal 


CHANGES IN CPU 
RRGEGTERE “AND REAGE | DPC TP ICATIONS 


: Not affected ROM —— 


RAM ere 


: Result 
Stack (Bytes) 


Interrupt 









number and loads result into ACCA. 


(b) Utilizes 7-bit ASCII in arguments. 


ARGUMENTS 
Storage | Byte 
| eomeence | Ecce th. 


ASCII ACCA 2 
l-byte 
Argu- hexa- 
ments decimal ACCA 
number 
ee 








































Conver~ 

sion/not 
conver- 
sion 












| DESCRIPTION 


(1) Function Details 


(a) Argument details ACCA bitc b/ — wea bO. 














ACCA: Holds ASCII. After NIBBLE @) Entry yascrz 
. argument '\>p? $46 
execution contains 1-byte Undefined 
| hexadecimal number. | seen HitC 7”. ey bO 
bit C : Shows state when NIBBLE 1s Reruns 1 byte hexa- 
(CCR) seaweed. srgumenta(deet nal 
number SOF 





bit C=1 : Shows entry argument was ASCII Fig. 1 
se to oP? 


: Shows subroutine NIBBLE is 





Example of NIBBLE execution 





other than ’0’ to ’9’ or 









bit C=0 






executed nomally. 
(b) Fig. 1 shows example of NIBBLE execution. If entry argument is as shown in 






part (A) of Fig. 1, $0F, data converted from ASCII into 1l-byte hexadecimal 





number, is contained in ACCA as shown in part 2)of Fig. 1. 


SPECIFICATIONS NOTES 
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CONVERTING ASCII INTO 1- 
FEXRELOIMAT “BYTE | wcu/MPU | HD6301/HD6303 FAMILY |LABEL | NIBBLE 


|DESCRIPTION =i 
‘(2) User Notes 


Entry argument (ASCII) should be held within range of >0? to °9’ or 7A’ to 
°F’ otherwise data in ACCA is destroyed after NIBBLE execution. 

(3) RAM Description | 
RAM is not used during NIBBLE execution. 


(4) Sample Application 
Subroutine NIBBLE is called after ASCII is held. 


WORK1 RMB |. #===55= Reserves memory byte for 1-digit ASCII. 
WORK 2 RMB E- aes Reserves memory byte for l-byte hexadecimal 
number. 
LDAA WORK1L ----- Loads ASCII into entry argument 
| (ACCA) . 
JSR NIBBLE = Calls subroutine NIBBLE. 
BCS SKIP: ===> If ASCII is other than ’0’ to ’9’ or ’A’ 


to ’F’, branches to service 
routine. 
STAA WORK2 ----" Stores l-byte hexadecimal number 
(return argument (ACCA)) in RAM. 


SKIP Service 
routine for 
ASCII other than 
°Q°? to 29? or 


7A’? to °F’ 
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CONVERTING ASCII INTO 1-BYT | 
HEXADEC IMAL E MCU /MPU HD6301/HD6303 FAMILY |LABEL | NIBBLE 


DESCRIPTION 


(5) Basic Operation 


(a) Bit C, resulting from comparison and subtraction of data in ACCA, is used to 


test if the data is within range of °’0’ to °F’ in ASCII table 
(note: [ ]] blocked area in table). 
(b) Addition continues between ’0’ and ’@’ . Then ’:’ to ’@’ 





hatched area in table) is delected. 
(c) In cases other than between ’0’ and °9’ or ’A’ and ’F’, bit C is set during 


(a) or (b) above. 


Table 1. ASCII Table 
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6. CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL MCU /MPU HD6301/HD6303 FAMILY | LABEL |NIBBLE 


FLOWCHART 


NIBBLE 


NIBBLE 


(bit C)=1 Ke o> 


(bit C)=0 


(ACCA)+$E9—-ACCA 


Tests if entry argument (ASCII) 
is °0’ or less. 


Tests if entry argument (ASCII) 
is ’G’ or more. 


Tests if entry argument (ASCII) 
is ’A’? or more. 

bit N=0: ’A’ to °F’ 

bit N=1: ’0’ to ’@? 


Tests if entry argument (ASCIT) 
is within range of *:’ to ’@’. 
bit C=0 : °0” to *9’ 


bit-¢ = 1-273" to -7@’ 


Converts ASCII into l-byte 
hexadecimal number. 





NIB2 
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CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL MCU /MPU HD6301/HD6303 FAMILY |LABEL |NIBBLE 


| PROGRAM LISTING | | PROGRAM LISTING | 





00001 ROOK OOK OO OIOKOK OOK OIOIOK OOK OR OR OK FOO OK OR OK OOO OK OKI KOK OK HOOK OK 
00002 |. * * 
00003 * NAME : CONVERTING ASCII INTO > 
00004 * 1-BYTE HEXADECIMAL <¢NIBBLE) > 
00005 * >» 
00006 OOOO ORO OR IOOCIOOKI OOOO IO IORI OIOK KKK KOK 
00007 * * 
00008 * ENTRY =: ACCA CASCII) * 
00009 * RETURNS : ACCA CBINARY DATA) > 
00010 * CARRY (C=1; TRUE,C=0;FALES) > 
00011 OOOO OOOO OO OOK HOR OK KHOI OK KOK KKK 
00012 x 

00013A FOOO ORG $FOO00 

00014 * 

0001S FOOO A NIBBLE EQU ~~ x Entry point 

00016A FOOO 80 30 A SUBA #'O ACCACASCII code) - 'O' 7? 
00017A FOO2 25 OF FO13 BCS NIB2 Branch if ACCA<'O' 

00018A FOO4 8B E9 A ADDA HSE9 ACCA - 'G' -> ACCA 

00019A FO06 2S OB FO13 BCS NIB2 Branch if ACCA>='G! 
O00020A FOO8 8B 06 A ADDA #6 Test *O'="@" or: “At=*e* 

. 00021A FOOA 2A 04 FO1O BPL NIB1 Branch if ACCA='A'-'F' 
00022A FOOC 8B 07 A ADDA #7 Fest 'O*s"o (or "iS" 
00023A FOOE 25 03 FQ13 BCS NIB2 Branch if ACCA=':'-'da' 
00024A FO10 88 OA A NIBI1 ADDA #SA Convert ASCII into binary data 
0002SA FO12 OC Ci Clear carry 
QO0026A FO13 39 NIB2 RTS 
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CONVERTING 8-BIT BINARY 
INTO a DATA MCU /MPU HD6301/HD6303 FAMILY |LABEL ICOBYTE 


| FUNCTION 


(a) Converts 8-bit binary data in ACCA into two ASCII characters and stores 
result in RAM. 
(b) Utilizes 7-bit ASCII in arguments. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
: Not affected ROM (Bytes) 
a ee 


: Undefined 


concent Storage byte : Result RAM oe 
ACCA ACCB Stack an 
oN ee 


Argu- 
Interrupt 


DESCRIPTION 


(1) Function Details 


(a) Argument details ACCB b7 accs bO 
ACCB: Holds 8-bit binary data to be @ Entry tier Geese 


argumen $F3 
converted into ASCII. 


ACCD: Contains data converted, from ACCD ACCD 


upper and lower 4 bits of Q) Return (—aiete 4 ASCII 
. argument \’F’=$46,’3’=$33 


8-bit binary data into 2 ASCII 
Fig. 1 Example of COBYTE execution 


characters. 
Fig. 1 shows example of COBYTE 
execution. If entry argument is as 
shown in part Q)of Fig. 1, data con- 
verted from 8-bit binary data into ASCII is 


contained to ACCD as shown in part (2) of Fig. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 
convert $AA into ASCII. 
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ieee 8-BIT BINARY DATA | wou/MPU HD6301/HD6303 FAMILY | LABEL |COBYTE 


|DESCRIPTION = 


(2) User Notes 
8-bit binary data stored in ACCB is destroyed after COBYTE execution. 
If 8-bit binary data in ACCB needs to be retained after COBYTE execution, it 


should be saved in memory before execution. 


(3) RAM Description 
RAM is not used during COBYTE execution. 


(4) Sample Application 
Subroutine COBYTE is called after 8-bit binary data is held. 


WORK 1 RMB | Reserves memory byte for 8-bit binary data. 
WORK 2 RMB 2 Se Reserves memory byte for 2 ASCII characters. 

| 

I 

! 

| 

t 

LDAB WORK1L = ----- Loads 8-bit binary data into 


entry argument (ACCB) 


JSR COBYTE ---- Calls COBYTE subroutine. 


STD WORK2  ----" Stores 2 ASCII characters (return argument 
(ACCD)) in RAM. 
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: 8-BIT BINARY DATA | wcu/MPU | HD6301/HD6303 FAMILY |LABEL | COBYTE 


|DESCRIPTION oC |DESCRIPTION 


(5) Basic Operation 


(a) 8-bit binary data in ACCB is divided into 4 upper and 4 lower bits. 

(b) Divided data is then checked by a comparison instruction (CMP). If data is 
between $00 and $09 (L_]: blocked area in ASCII table as shown in Table 1), 
$30 is added. If data is between $0A and $0F ([  |in Table 1), $37 is 
added. Result is converted into ASCII. 


Table 1 ASCII Table 


+ 
$ 
% 
& 
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FLOWCHART 


7. CONVERTING 8- 
aes heap 8-BIT BINARY DATA | wou/mMpu | HD6301/HD6303 FAMILY |LABEL |COBYTE 


COBYTE 


COBYTE 
Saves 8-bit binary data 


PUSH (CACCB) | ~~~") (entry argument). 
Shift (ACCB 


Shifts upper 4 bits of 8-bit binary data 
4 bits right 


into lower 4 bits. 


Converts upper 4 bits into ASCIT. 


Co 
O 
Z 
— 
es) 
fer ar 
| 
| 


Restores 8-bit binary data 
(entry argument). 


lears upper 4 bits of 8-bit binary 


Converts entry argument between $00 and 
$09 into ASCII. 


- or more. 






(ACCA) >$389 
Converts data between $0A and $0F into 


(ACCA)S$39 | Tests if data is $09 or less, or $0A 
-4 ASCII. 
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CONVERTING 8-BIT BINARY DA 
NO oe ae TA | mcu/MPpu | HD6301/HD6303 FAMILY | LABEL |COBYTE 


| PROGRAM LISTING LISTING 


00001 SOR OROOOIOOORIOOK ORICOIOROK OOO IORIOI OK IOR KOK K HO HOOK ACOHOK IK 
00002 * | * 
00003 » NAME : CONVERTING 8-BIT BINARY DATA * 
00004 * INTO ASCII (CCOBYTE) * 
0000S * * 
00007 * | * 
00008 *x ENTRY =: ACCB (8-BIT BINARY DATA) ok 
00009 ok RETURNS : ACCD (2-BYTE ASCII) * 
00010 * * 
00011 DKK OK OK CK KHOR KOK KC EC DKK 2 KIC OKC 2K 2 IC 2 IC 24 IC DC IK 24 2 2 2 IC 2 IC 2K IC 2K IK 2K 2K 
00012 * 
00013A FOOO . ORG $FOOO 
00014 > 
00015 FOOO A COBYTE EQU »k Entry point 
00016A FOOO 37 PSHB Push 8-bit binary data 
00017A FOO] 54 LSRB Shift upper 4 bits to Lower 4 bits 
00018A FOO2 54 LSRB 
00019A FOO3 54 LSRB 
00020A F004 54 LSRB 
00021A FOOS 8D O07 FOOE BSR CONIB Convert upper 4 bits into ASCII 
O00022A FOO? 17 TBA Transfer ASCII to ACCA 
00023A FO08 33 PULB Pull 8-bit binary data 
000248 FOOS C4 OF A ANDB #S0F Mask upper 4 bits 
0002SA FOOB 8D O01 FOOE BSR CONIB Convert Lower 4 bits to ASCII 
00026A FOOD 39 RTS 
00027A FOOE CB 30 A CONIB ADDB #'O Convert into ASCII ¢'O'-'9') 
00028A F010 Cl 39 A CMPB #'9 ACCB= "O'="9" -or *At="FY 2% 
00029A F012 23 O02 F016 BLS CONIB1 Branch if ACCB='0O'-'9' 
000308 F014 CB O07 A ADDB #SO7 Convert into ASCII ¢'At-'F‘) 
00031A F016 39 CONIB1 RTS 

HITACHI 


728 


8. COUNTING NUMBER OF LOGICAL | 
"a" BITS IN 8-BIT DATA MCU/MPU HD6301/HD6303 FAMILY | LABEL HCNT 
FUNC TION 


(a) Counts number of logical "1" bits in 8-bit data in ACCA, and loads 




















result in ACCB. 
(b) Permits easy parity checking. 


ARGUMENTS 


Genwenee Storage Byte 
Location| Lgth. 


8-bit ACCA 1 
Entry dara 
Argu- 
ments 
Re- Number of 
logical ACCB i 
as "1" bits 


DESCRIPTION 


(1) Function Details 





CHANGES IN CPU 
REGISTERS AND FLAGS 


@ : Not affected 


SPECIFICATIONS 


ROM (Bytes) 


RAM (Bytes) 
82 


2 


Interrupt 

























xX : Undefined 


: Result 


a ae 



















Lae 
ee 2 ae 


(a) Argument details ACCA b/ __ acca bO 
Of ae (Co a OOOH BOO 
ACCA: Holds 8-bit data whose number argument! data $76) 
+ 
of logical "1" bits is counted. Tere ares: nunbee 1's: 


ACCB: Contains number of logical "1" 
ACCB | 


bits in 8-bit data. : 
Th 
(The bit b7 os b0 


(b) Fig. 1 shows example of HCNT execution. (@) Return number 
argument $05 of 


If entry argument is as shown in ; 
logical "1") 


part (1) of Fig. 1, number of logical 
"1" bits in 8-bit data is contained Fig. | Example of HCNT execution 


in ACCB as shown in part (2)of Fig. l. 
Contents of ACCA are saved after HCNT 








execution. 


SPECIFICATIONS NOTES | 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 





count number of logical "1" bits in $FF data. 
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COUNTING NUMBER OF LOGICAL pees ie 
"1" BITS IN 8-BIT DATA oy HD6301/HD6303 FAMILY | LABEL | HCNT | 
DESCRIPTION | = 
(2) User Notes 

When counting number of logical "0" bits, take I's complement of ACCA before 


HCNT execution. 


(3) RAM Description 


RAM is not used during HCNT execution. 


(4) Sample Application 
Subroutine HCNT is called after 8-bit data is held. 


WORK 1 RMB Lo eee Reserves memory byte for 8-bit data. 
WORK 2 RMB i  #==eo4 Reverse memory byte for number of logical 
"1" bits. 
| 
[ 
! 
| 
PSHX.. 0s SS Saves register contents that will be 


destroyed by executing HCNT. 
LDAA WORK1 ----- Loads 8-bit data into entry argument 
(ACCA). 


JSR HCNT ----- Calls subroutine HCNT. 


Stores number of logical "1" bits 


STAB WORK2 ----- (return argument (ACCB)) in RAM. 


PULK-  - ws Restores register. 


(5) Basic Operation 


(a) IX is used to indicate number of 8-bit data rotations. | 

(b) Using rotate instruction (ROL), data in ACCA is loaded into bit C one by one. 
(c) Bit C is checked. If "1", ACCB is incremented. If "0", no operation applied. 
(d) IX is decremented each time (b) and (c) is executed. 


(e) Loops (b) to (d) until IX is "0". 
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8. COUNTING NUMBER OF LOGICAL 
"i" BITS IN 8-BIT DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL | HCNT 


HCNT 







—s 
pe axe Loads "8" in counter for execution of 
8-bit processing. 
Clears counter (HI bit counter) that 
| osaccR eo track of number of logical "1" 
bit 
Rotate | ee | Rotates MSB of 8-bit data to bit C. 
| ee | bit left 
---| Tests if 8-bit data is "1" or "O". 
(bit C)=1 
When 8-bit data is logical "1", 
7 increments HI bit counter. 
HCNT 2 
(IX) #0 Tests if 8-bit processing 
is completed. 
(IX)=0 
Rotate (ACCA) 
i Ree dace 4 Restores 88-bit data. 
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eee Aare aaa MCU/MPU | HD6301/HD6303 FAMILY | LABEL | HCNT 


PROGRAM LISTING 


00001 DOO OOO OOOO OOOO OOOO OOO IO KOK KOK IOK IKK IK KOK OK HOK 
00002 * 3 * 
00003 * NAME : COUNTING NUMBER OF LOGICAL '"'1" * 
00004 * BITS IN 8-BIT DATA CHONT) »* 
00005 * »* 
00006 SOOO OK OK OOOO IO OK IOK KOK IK OK KOK 2K 2K 2k 0K 2K 2K 2K KOK 2K 2K 0K OH OK OKOK 
00007 »* * 
00008 * ENTRY =: ACCA (8-BIT DATAD * 
00009 * RETURNS : ACCB CHIGH BIT COUNTER) *x 
00010 * * 
00011 KOK OK KOK OK KK 2K CK OK OK CHDK OK KC 2 2K HK OK KK CICK KK 2K KCK KK CK KK 2K 
00012 K 
00013A FOOO ORG $FOOO 
00014 ny 
00015 FOOO A HCNT EQU > Entry point 
00016A FOOO CE 0008 A LDX #8 Set rotate counter 
00017A FOO3 SF CLRB Clear high bit counter 
O0018A FOO04 49 HCNT1 ROLA Rotate 8-bit data Left 
00019A FOOS 24 01 FOO8 BCC HCNT2 Branch if carry=0 
O00020A FOO? SC INCB Increment high bit counter 
00021A FOO8 09 HCNT2 DEX Decrement rotate counter 
O00022A FOO0O9 26 F9 FO04 BNE HCNT1 Loop until rotate counter=0 
00023A FOOB 49 ROLA Replace 8-bit data 
O00024A FOOC 39 RTS 
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FUNCTION 


SHIFTING 32-BIT DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL 


(a) Shifts 32-bit binary data in IX and ACCD to right. 





(b) Permits number of shifts to be freely determined. 










(c) Permits easy multiplication of 32-bit binary data by 27". (n:number of shifts) 


ARGUMENTS SPECIFICATIONS 
| contents ——_—(StOFaHS Byte 
Location | Lgth. 





CHANGES IN CPU 
REGISTERS AND FLAGS 



















| contents ROM (Bytes) 


@ : Not affected 





x +: Undefined 






















Entry 


ie 


| DESCRIPTION = 


Ar gu- 
ments 






"No. 





Number of |SFCNTR 
shifts (RAM) 





(1) Function Details 


(a) Argument details 


SPECIFICATIONS NOTES 


of cycles" 


shift 32-bit binary data 16 bits right. 





Upper 16 
bits of 
32-bit 
binary 
data to 
be shift- 


: Result 










IX 





ed to 
right 





Lower 16 
bits of 
32-bit 
binary 
data to 
be shift- 
ed to 
right 


ACCD 


pt ft 
px 

Pest eal 

ae ae 
pox | x 
fl ctcal 
ee. 
Upper 16 
bits of 


shift 
result 





I 









Lower 16 
bits of 
shift 
result 





ACCD 









IE 
; 
1 
2 
c 


ony 


IX : Holds upper 16 bits of 32-bit binary data to be shifted to right. 
After SHR execution, contains upper 16 bits of shift result. 
ACCD : Holds lower 16 bits of 32-bit binary data to be shifted to right. 
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After SHR execution, contains lower 16 bits of shift result. 


in "SPECIFICATIONS" represents the number of cycles needed to 


RAM ae 
Stack (Bytes) 


Reentrant 


Interrupt 
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SHIFTING 32-BIT DATA MCU/MPU | HD6301/HD6303 FAMILY | LABEL Es 


|DESCRIPTION 


SFCNTR: Holds number of shifts. 
(RAM) 
(b) Fig. 1 shows example of SHR execution. If entry arguments are held as shown 


in part (1) of Fig. 1, 32-bit binary data is shifted to right as shown in part 
(2) of Fig. 1. In this case, "0" in upper 2 bits. 


b7 SFCNTR bO 


nae 
@ ($02) 
Entry b31 IX ACCD b0 


arguments! IX:ACCD 
($C91456CF) 


(2) Return IX: ACCD 
argument s{ $32 4515B3) 





(2) User Notes 
Number of shifts should be held within range of $01 to $1F, otherwise > 


ACCD and IX become "0". 
(3) RAM description 


Label RAM Description 
| b/7 b0 


SFCNTR [sis } Number of shifts is stored. 
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| DESCRIPTION =i 


(4) Sample Application 
Subroutine SHR is called after number of shifts and 32-bit binary data to be 
shifted to right are held. 


WORK 1 RMB bo ene n nen Reserves memory byte for 32-bit binary data. 
WORK 2 RMB _ S=SSss=e-e= Reserves memory byte for number of shifts. 
WORK3 RMB 4 aS Reserves memory byte for shift result. 
i 
I 
LDAA WORK 2 Stores number of shifts into 
STAA  SFCNTR ~~ entry argument (SFCNTR). 
LDX WORK1 L Loads 32-bit binary data to be shifted to 
LDD WORK 1+2 } right into entry argument (IX, ACCD). 
| JSR SHR SoS Calls subroutine SHR. 
STX WORK3 ___ Stores shift result (return argument 
STD WORK 3+2 _ (IX, ACCD)) in RAM. 





(5) Basic Operation 


(a) Uses 16-bit shift instruction (LSRD) provided in the HD6301/HD6303 FAMILY. 
(b) Upper 16 bits in 32-bit binary data are shifted to right. Here LSB is 


rotated to bit C. Lower 16 bits are rotated to right. At this time, LSB 


in bit C is rotated to MSB of lower 16 bits. 


(c) SFCNTR(RAM) is used to keep track of number of shifts. SFCNTR(RAM) is 
decremented every time (b) is executed. 


(d) Loops (b) to (c) until SFCNTR (RAM) is "0". 
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9. SHIFTING 32-BIT DATA — MCU/MPU HD6301/HD6303 FAMILY | LABEL 


FLOWCHART 


736 





SHR 


(ACCD)#( IX) 






Shift (ACCD) 


1 bit right 


(ACCD)#( IX) 1 
Rotate (ACCA) | 
1 bit right 
Rotate (ACCB) 
1 bit right 











(SFCNTR)—1-SFCNTR 


(SFCNTR)¥¢ 







0 


(SFCNTR)=0 


Exchanges upper 16 bits with lower 16 bits 
in 32-bit binary data. 


Shifts upper 16 bits in 32-bit binary data 
to right, and shifts LSB to bit C. 


Exchanges upper 16 bits with lower 16 bits 
in 32-bit binary data. 


Rotates lower 16 bits in 32-bit binary 
data to right. Rotates LSB of upper 16 bits 
to MSB of lower 16 bits. © 


Decrements shift counter. 


Tests if shift is completed. 
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SHIFTING 32-BIT DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL sue 


| PROGRAM LISTING | | PROGRAM LISTING | 


OOOOL DKK CK KC DIC HC KC KK 2K DC KC 2K IC KK ECC IK DIC CKO EK CC IC CDC IC KC CK OK IKK KCK KK OK 2K 
00002 * * 
00003 >» NAME : SHIFTING 32-BIT DATA € SHR) * 
00004 * * 
0000S FORO OOOO ORO OK ORO OR OK IKK OK KK 2K KK KOK IK IK 
OC006 > * 
00007 * ENTRY : IX CUPPER 16-BIT BINARY DATA) x 
00008 »* ACCD (LOWER 16-BIT BINARY DATA) * 
00009 * SFCNTR CSHIFT COUNTER) * 
00010 * RETURNS : IX CUPPER 16-BIT BINARY DATA) x 
00011 >» ACCD CLOWER 16-BIT BINARY DATA) x 
OOOLZ * * 
00013 OOOO OOOO OK IOOROIOIOR OOO OK IO IO OOK OK KOK KOK K 21K 4K 2K 
00014 * 

0001SA 0080 ORG $80 

00016 * 

00017A 0080 0001 A SFCNTR RMB 1 Shift counter 

00018 * 

00019A FOOO ORG $FOOO 

00020 * 

00021 FOOO A SHR EQU >» Entry point 

00022A FOOO 18 XGDX Exchang 16-bit binary data 
00023A FOO] 04 LSRO Shift upper 16-bit binary data 
00024A FOO2 18 XGDX Exchang 16-bit binary data 
0002S5A FOO3 46 RORA Shift Lower 16-bit binary data 
00026A FQ04 S6 RORB 

00027A FOOS 7A 0080 A DEC SFCNTR Decrement shift counter 
00028A FOO08 26 Fé FOOO BNE SHR Loop until shift counter = 0 
000298 FOOA 39 RTS 
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10. 4-DIGIT BCD COUNTER MCU /MPU HD6301/HD6303 FAMILY LABEL DECNT 


FUNCTION 


(a) Increments 4-digit BCD counter in RAM. 













(b) Permits easy counting (external interrupts, timer interrupts and so on). 


CHANGES IN CPU 
ARGUMENTS RECISTERS AND FLAGS SPECIFICATIONS 


e: ROM (Bytes) 
























Not affected 









Contents SPonage BYES t : Result RAM (Bytes) 
Location] Lgth. : y 
2 












eae 
No 


ACCD 
ACCA ACCB 


po] — | - [= 
4-digit | powrr 

BCD 2 
counter ( ) 

bit C 1 
(CCR) 

























ce ae 
[aie a (ee 


Counter 


over- 
flow or 

Interrupt > 
not 










x 
V 
x 
N 


| DESCRIPTION 


; s b15 Rh DCNT RE 
(1) Function Details ® DCNTR bentRt bO 


Before { 
DCNT'RC RAM) 
execution | (+4) Pee fe 


(a) Argument details 


DCNTR: Used as 4-digit BCD counter which bit C b15 peovnitix b0 
RAM . a x ‘NTRED 
( ) counts up every DECNT execution. (2) Return eae 0 aoa 
bi arguments 

t-.¢% i j : 
a) pene Fa eteeueraktes Fig. 1 Example of DECNT execution 


DECNT execution. 
bit C=1: Shows counter overflow. 


(See Fig. 2). 









bit C=0: Shows counter not-overflow. 
Before 
(b) Fig. 1 shows example of DECNT Oe a p98 | ae. 
execution. When DECNT is executed, : 
b1 


oo tC 
4-digit BCD counter completes countin DCNTR CRAM 
&@ Return {ens (7 


up as shown in part Q)cf Fig. l. arguments 
Fig. 2 Example of counter overflow 






SPECIFICATIONS NOTES 


@H ITACHI 


: 8 
"nk, OO 
& shh 
# tell 


4-DIGIT BCD COUNTER MCU /MPU HD6301/HD6303 FAMILY | LABEL | DECNT 


DESCRIPTION = 


(2) User Notes 


If counter overflows as shown in Fig. 2, counter is cleared. 
(3) RAM Description 


Label Description 


DCNTR Upper byte 
4-digit BCD counter is stored. 


Lower byte 





(4) Sample Application 


WORK1 RMB 2 oS Reserves memory byte for result of 
counting by 4-digit BCD counter. 





poe Saves register contents that will be 
pou destroyed by DECNT execution. 
PSHX 

JSR DECNT acne: Calls subroutine DECNT. 
BCS OVER. ‘“=sRes When BCD counter overflows, branches to 

service routine. 

LDD DONTIR |. Stores result of counting by 4-digit BCD 
STD WORK 1 counter (return argument (DCNTR) in RAM. 
PULX 
PULB.. «ff (Sse Restores register. 
PULA 


OVER Service routine 
in case of counter 
overflow. 
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4-DIGIT BCD COUNTER MCU /MPU HD6301/HD6303 FAMILY | LABEL | DECNT 


|DESCRIPTION ssid 
(5) Basic Operation 


(a) IX is used to indicate address of BCD counter and is also used to keep track 
of number of addition. 

(b) Set bit C for counting "1"s. 

(c) Executes (Formula 1) using index addressing mode. 
(Bit C is set at the first a-dition. When a carry is generated after 


(Formula 1) execution, bit C is also set.) 


0 + ( DCNTR - 1 + IX) + (bit C) — ACCA ------- (Formula 1) 


(d) Decrements IX. : 
(e) Loops addition of upper byte and bit C until IX is "0". 
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10. 4-DIGIT BCD COUNTER MCU /MPU HD6301/HD6303 FAMILY | LABEL DECNT 


DECNT 


oe 


O0>-ACCA 


(ACCA)+(@( DCNTR-14+IX) 
+(bit C)~ACCA 


Loads "2" into pointer indicating address 
of 4-digit BCD counter and counter 
indicating number of addition. 


Bit C is set and ACCA is cleared in 
order to count up by 4-digit BCD 
counter. 








In the first loop, counts up lower 2 
digits in 4-digit BCD counter. 

In the second loop, adds bit C 

to value of upper 2 digits. 


ees Sener eee ae 


Decimal adjust 
(ACCA) 


(ACCA)—(DCNTR-14+IX)) 


(IX)-1->I1IXx ee eee 


Adjust result of addition into decimal 
number and stores it in 4-digit BCD 
counter DCNTR (RAM). 


Decrements pointer indicating address 
of 4-digit BCD counter and counter 
indicating number of additions. 


Tests if counting up 
is completed. 


toe 
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4-DIGIT BCD COUNTER MCU /MPU HD6301/HD6303 FAMILY LABEL | DECNT 


PROGRAM | PROGRAM LISTING _| 


00001 YOO OOO IOI IOKIOK I HOK KOK KOK K 2k 10K 1 0K 1K KC OK IC OK CK kK IC HOOK DK DOK 
00002 * i 
00003 * NAME : 4-DIGIT BCD COUNTER (DECNT) * 
00004 x * 
00005 21K KK 3K 23K KKK KKK KKK CK 9 HOOK OK 
00006 2 o* 
00007 »* ENTRY : NOTHING * 
00008 * RETURNS : ODCNTR (BCD COUNTER) >» 
00009 * CARRY (C=O; TRUE.C=1;QVER FLOW) x 
00010 > * 
00011 TTT TPE TELE TETE TTT TLE LCL LCL LE CELE ELC LE TT 
00012 ok 
00013A 0080 ORG $80 
00014 * 
0001SA 0080 0002 A DCNTR RMB 2 BCD counter 
00016 x 
00017A FOOO ORG $FO00 
00018 * 
00019 FOOO A DECNT EGU * Entry point 
000208 FOQOO CE 0002 A LOX #2 Load ADDR pointer Caddition counter) 
00021A FQ03 OD SEC Set carry bit 
00022A FQ04 86 00 A DECNT1 LDAA #0 Clear ACCA 
00023A FO06 AD TF A ADCA DCNTR=-1,X Increment BCD counter 
00024A FO0S 19 \DAA Convert into BCD 
0002SA FOOS A? 7F A STAA DCNTR-1.X Store BCD counter 
00026A FOOB 09 DEX Decrement ADDR pointer 
00027A FOOC 26 Fé F004 BNE DECNT1 Loop until ADDR pointer = 0 
00028A FOOE 39 RTS 
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11. COMPARING 32-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL 
FUNCTION 


(a) Determines larger than / smaller than relationship (>,=,<) of 32-bit binary 




















data of 2 groups, and loads result into bit C and bit Z of CCR. 


(b) Utilizes unsigned integers in arguments. 


CHANGES IN CPU 
ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@: Not affected ROM (Bytes) 
Storage Byte 
j_consence sree | 























x : Undefined 


| Result 




















Upper ae ACCD Stack (Bytes) 
bits of 

oe a Sa 
First 


value 





ee 
2 


No 





Lower 16 
bits of 
First 
value 





Entry 
Argu- 


Second 
value 


rison 
result 


E 
E 
g 
G 


DESCRIPTION 


(1) Function Details 













(a) Argument details 
IX : Holds upper 16 bits of the first 32-bit binary value. 
ACCD: Holds lower 16 bits of the first 32-bit binary value. 


CMT : Holds the second 32-bit binary value. 
(RAM) 


bit C, bit Z: Bit C and bit Z of CCR are contains according to comparison result. 
(CCR) 





(b) Table 1 shows example of CMP execution. 


If entry arguments are as shown in Table 1, bit C and bit Z of CCR are set 


accordingly. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed 


when comparand and comparative fumber are equal. 
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COMPARING 32-BIT BINARY DATA | MCU/MPU HD6301/HD6303 FAMILY | LABEL | or 


| DESCRIPTION 


(c) After CMP execution, entry arguments are retained. 


Table 1. Example of CMP execution 


Entry arguments Return argument 


rx:accD | FetsttonshiP | cur scur+1 sCMr+2:CMI+3 Jair c | pitz 
sr2rpcez1 | >| SOT FL7DA nn ee 
$20012002 (pines eotniren! _ $20012002 


(2) User Notes 








First value 





When not using upper byte, the upper byte should be held to "0", otherwise 
comparison result will not correct, because comparison is performed with 


undefined data in the upper byte. 
(3) RAM Description 


Label RAM Description 
b7 bO 


CMT Upper byte 


The second 32-bit binary value 
is stored. 


Lower byte 
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COMPARING 32-BIT BINARY DATA| MCU/MPU HD6301/HD6303 FAMILY | LABEL Sow 


| DESCRIPTION. sd 


(4) Sample Application 


Subroutine CMP is called after the first value and the second value are held. 


WORK1 RMB Be Se Reserves memory byte for the first 
32-bit binary value. 
WORK 2 RMB Be ES Reserves memory byte for the second 


32-bit binary value. 


LDD WORK 2 

STD CME Jl... Stores the second 32-bit binary value 

LDD WORK 2+2 into entry argument (CMT). 

STD CMT +2 

LDX WORK1 _____ Loads the first 32-bit binary value 

LDD WORK1+2 into entry argument (IX, ACCD). 

JSR CMP oe Calls subroutine CMP. 

BEQ SKIPZ === Branches to service routine in case of 
first value=second value. 

BCC SKiPL === Branches to service routine in case of 


first value>second value. 


Service routine in case of 


first value<second value. 






BRA SKIP 3 
SKIP 2 ; ; ; 
Service routine in case of 
first value=second value 
BRA SKIP 3 
SKIP1 


Service routine in case of 


first value>second value. 
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COMPARING 32-BIT BINARY DATA | MCU/MPU HD6301/HD6303 FAMILY | LABEL ce 


| DESCRIPTION =i 


(5) Basic Operation 


(a) Uses 16-bit comparison instruction (CPX) comparing IX with 2-byte memory, 
provided in the HD6301/HD6303 FAMILY. | 

(b) Bit C and bit Z of CCR are determined as return argument, after 16-bit 
comparison instruction (CPX) is executed. 

(c) Upper 16 bits are compared using 16-bit comparison instruction (CPX). 
When equal, lower 16 bits are compared. 


When not equal, subroutine CMP is terminated. 
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COMPARING 32-BIT BINARY DATA} MCU/MPU HD6301/HD6303 FAMILY | LABEL oe 


| FLOWCHART = sd 





(1XO#(CMT:CME+1) . 
Compares upper 16 bits. 


16 bits of the first value. 
Compares lower 16 bits. 


Exchanges lower 16 bits with upper 
16 bits of the first value. 


=| ee upper 16 bits with lower 
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COMPARING 32-BIT BINARY DATA | MCU/MPU HD6301/HD6303 FAMILY | LABEL | co 


| PROGRAM LISTING _| LISTING 


00002 * * 
00003 *K NAME : COMPARING 32-BIT BINARY DATA (CMP) * 
00004 > * 
0000s OOOO OOOO IO IO IK HOR ICO IO ORI OOO IK IO HOIOIOIOKOK 
00006 * * 
00007 * ENTRY : IX CUPPER 16-BIT COMPARAND) * 
00008 * ACCD (LOWER 16-BIT COMPARAND) * 
00009 »* . CMT (¢32-BIT COMPARATIVE NUMBER) »x 
00010 * RETURNS : CARRY & BIT 2 CCOMPARISON RESULT) x 
00011 > * 
00012 FORO OK IO OOOO OGOR OOOO IORI IO OOK IORI OK IOK IK 
00013 * 

00014A 0080 ORG $80 

0001S * 

00016A 0080 0004 A CMT RMB G Comparative number 

00017 »* 

00018A FOOO ORG $FOOO 

00019 > 

00020 FOOO A CMP EQU * Entry point 

00021A FOOO 9C 80 A . CPX CMT Compare IX with CMT+2:CMT+3 
00022A FOO2 26 04 FOOS8 BNE CMP1 Branch if IX equal CMT+2:CMT+3 
00023A FO0O4 18 XGDX — Exchange ACCD & IX 

00024A FOOS 9C 82 A CPX CMT+2 Compare IX with CMT:CMT+1 
O002SA FOO? 18 xXGDX 

00026A FOO8 39 CMP1 RTS 
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12. ADDING 32-BIT BINARY DATA MCU/MPU HD6301/HD6303 FAMILY | LABEL | app 


‘UNCT ION 


(a) Performs addition of 32-bit binary number and loads addition result into IX 
and ACCD. 


(b) Utilizes unsigned integers in arguments. 


ARGUMENTS REGISTERS AND FLAGS | SPECIFICATIONS 


@: Not affected ROM (Bytes) 

X: Undefined || 9 
bits of IX 2 
augend 


t : Result 
Seack (Bytes) 
Lower 16 
bits of ACCD 
augend 
ADER 
(RAM) 






















Contents 










Upper 16 













No 


IX 
C 
Z 
x 
I 









































ial Leased 
es Se Pov Relocation 


Re- result 
mca Interrupt 
turns 
Lower 16 
jf Yes 
bits of 


ACCD 
result 


Carry or Bit C 
no carry (CCR) 


(L) Function Details 


& 
addition 


pc | vy 
_ ti | 

a ae 
ae ae 
eed 
Oe ee 


9 
4 
Ee 
c 
ce 


DESCRIPTION 





(a) Argument details 
IX : Holds upper 16 bits of augend. After ADD execution, contains upper 16 
bits of addition result. 
ACCD: Holds lower 16 bits of augend. After ADD execution, contains lower 16 
bits of addition result. 
ADER: Holds 32-bit binary addend. 
(RAM) 


PECIFICATIONS NOTES 
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ADDING 32-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY |LABEL xDD 


|DESCRIPTION = 


bit C (CCR) : Indicates whether carry is generated or not after ADD 
execution. 


bit C 


1 : Carry is generated in addition result. 
(see Fig. 2) 
bit C 


0 : No carry is generated in addition result. 


(b) Fig. 1 shows example of ADD execution. If entry arguments are as shown in 
part ()of Fig. 1, addition result is contained in IX and ACCD as shown in 
part (2) of Fig. l. 


b31 IX ACCD bO 
Pavtoftey eT ce. pT Fr. ® ]+— Augend 
@ Entry ADER —_ADERt+1 ADERt+2 ADERt8 


arguments oa Die mF |e! 


=>) 


ret bit C b31 1X ACCD bO ere 
BOB 1 3 F A 1 1 ieee Oe 
ee bJLe petite rpagpi cae 
Fig. | Example of ADD execution 
(2) User Notes 
(a) As shown in Fig. 35 when not using TF. 6][o,.c]2.3i1{[bD.F 
upper byte, the upper byte should be recA] © Pl eta 
+) 
held to "0", otherwise addition | 
result will not be correct, because Bae CU 2 ee 
oer ‘ ; : Carry 
ddit f£ d wit def d ; bid 
SOE Geo Dee ner uec ra Laauncenate Fig. 2 Example of addition when 
data in the upper byte. carry is. generated. 
(b) After ADD execution, augend is | 
a Eanes eee eee 
destroyed because addition result ee 
is contained in IX and ACCD. If +) 
augend needs to be retained after pitch] [le 7 ofotifitctTs* ol] 
ADD execution, it should be saved Fig. 3 Example of addition when 
in memory before execution. | upper byte is not used. 
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ADDING 32-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY LABEL ADD 


| DESCRIPTION sid 


(3) RAM Description 


Label 


b/7 bO 


ADER Upper byte 


Lower byte 





(4) Sample Application 


Description 


32-bit binary addend is stored. 


Subroutine ADD is called after augend and addend. are held. 


WORK1 RMB. bo ee 
WORK2 RMB ho ee 
WORK 3 RMB bo en 
| 
| 
i 
1 
I 
LDD WORK 2 
STD ADER |{_____ 
LDD WORK 2+2 
STD ADER+2 
LDX WORKI [| __ 
LDD WORK 1+2 
JSR ADD 2255 
BCS OVER ----- 
STX WORK3 [_____ 
STD WORK3+2 J 
| 


OVER Service routine 
in case of carry 


Reserves memory byte for 32-bit binary 
augend. 
Reserves memory byte for 32-bit 


binary addend. 
Reserves memory byte for 32-bit 


binary addition result. 


Stores 32-bit binary addend into 


entry argument (ADER). 


Loads 32-bit binary augend into 


entry argument (1X, ACCD). 


Calls subroutine ADD. 
If carry is generated in addition result, 


branches to service routine. 
Stores addition result 
(IX,ACCD)) in RAM. 


(return arguments 
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ADDING 32-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY Lad Mal 


| DESCRIPTION = ION 
(5) Basic Operation 


(a) Uses 16-bit addition instruction (ADDD) provided in the HD6301/HD6303 FAMILY. 
(b) (Formula 1) shows addition of lower 16 bits using 16-bit addition instruction 


(ADDD) . When carry is generated after performing (Formula 1), bit C is set. 


(ACCD) + (ADER+2:ADER+3), ~ ACCD ------- (Formula 1) 
(c) Upper 16 bits are added using 8-bit addition instruction shown in (Formula 2) 


and (Formula 3) (ADC) considering bit C. 


(ACCB) + (ADER+1) + (bit C) — ACCB --------- (Formula 2) 
(ACCA) + (ADER) + (bit C) ~ ACCA --~--~---- (Formula 3) 
Bit C is taken into consideration because there is carry involved with the 


addition result by executing (b). 
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12. ADDING 32-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL 


FLOWCHART 


ADD 


ADD 
Adds lower 16 bits and loads addition result 


(ACCD)-+ADER+2: ADER+3) | —__ 
into augend (ACCD). 


—->ACCD 


Exchanges lower 16 bits of addition result 
with upper 16 bits of augend. 


( ACCB) +(ADER+1)+(bitcC) | Adds upper 8 bits considering carry 


CACCD)#( IX) 


' 
I 
| 


ee which is generated by lower 16-bits 
addition, and stores result in addend 


(ACCA)+(ADER)+ (bit C) for upper 16 bits area. 


ACCA 


Exchanges upper 16 bits with lower 16 bits of 


CACCD)#( IX) aoe ee 
addition result. 


RTS 
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ADDING 32- BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL [oe | 


| PROGRAM LISTING | PROGRAM LISTING 


00001 OOO OR OOK OOOO OOOO OOK OOK ORK IOK OK IOIOK OK KKK HOOK OK KOK 
00002 * * 
00003 * NAME : ADDING 32-BIT BINARY DATA CADD) »k 
00004 * * 
0000S FORO OOK OK IOIOR OK ROK AOI IO OK OKO KOK OK IOROK OK KOK OK HOKOK KOK OK 
00006 * * 
00007 * ENTRY : IX CUPPER 16-BIT AUGEND) * 
00008 * ACCD (LOWER 16-BIT AUGEND) > 
00009 * ADER ¢€32-BIT ADDEND) * 
00010 * RETURNS : Ix CUPPER’ 16-BIT ‘SUM> *k 
00011 * ACCD CLOWER 16-BIT SUM) * 
00012 * CARRY ¢(C=0; TRUE.C=1;QVER FLOW) * 
00013 * »* 
00014 OOOO OK ORO ORK OOO OOK OK ORO OK OKO IO OK OK HO K KKK OK 40K 
00015 > 
00016A 0080 ORG $80 
00017 »* 
00018A 0080 0004 A ADER RMB 4 . Addend 
00019 * 
00020A FOOO _ ORG $FOO00 
00021 > 
00022 FOOO A ADD EQU * Entery point 
00023A FOOO D3 82 A ADDD ADER+2 Add ACCD and ADER+2:ADER+3 
O00024A FOO2 18 XGDX . Exchange ACCD & IX 
0002SA FO03 D9 81 A ADCB ADER+]1 Add ACCB and ADERt+1 
00026A FOOS 939. 80 A ADCA ADER - Add ACCA and ADER 
00027A FOO? 18 XGDX Exchange ACCD & IX 
O00028A FOO8 29 RTS 
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13. i ay 32~BIT BINARY McU/MPU | HD6301/HD6303 FAMILY | LABEL 


FUNCTION 


(a) Performs subtraction of 32-bit binary data and loads subtraction result 


into IX and ACCD. 


(b) Utilizes unsigned integers in arguments. 


ARGUMENTS 


Storage Byte 
Upper 16 | 
IX 


bits of 2 
Lower 16 
Entry bits of ACCD 2 
minuend 
Subtra- SBER r 
hend (RAM) 
Argu- : 
bits of 
es sub- IX 2 
traction 
result 
Re- 
turns 
































minuend 
Lower 16 
bits of 
sub- 
traction 
result 


Borrow or} bit C l 
no borrow] (CCR) . 
DESCRIPTION 


(L) Function Details 








(a) Argument details 
IX : Holds upper 16 bits of minuend. 
result after SUB execution. 


ACCD: Holds lower 16 bits of minuend. 


result after SUB execution. 


SBER: Holds 32-bit binary subtrahend. 
(RAM) 


SPECIFICATIONS NOTES 


CHANGES IN CPU 
REGISTERS AND FLAGS 


ae 
a aa 
i 











SPECIFICATIONS 


ROM (Bytes) 


RAM (Bytes) 


4 
Stack (Bytes) 


No. of cycles 
O 







: Not affected 





: Undefined 






: Result 






























N 





Interrupt 


Contains upper 16 bits of subtraction 


Contains lower 16 bits of subtraction 





€ HITACHI 


755 





= aoe eee MCU /MPU HD6301/HD6303 FAMILY LABEL mn ll 


}DESCRIPTION, 


bit C (CCR): Indicates whether borrow is generated or not after SUB eacue rout 


bit C = 1 : Borrow is generated in subtraction result. 
(see Fig. 2) 
bit C = 0 : No borrow is generated in subtraction result. 


(b) Fig. 1 shows example of SUB execution. If entry arguments are as shown in 


part A)of Fig. 1, subtraction result is contained in IX and ACCD as shown 
in part Q)of Fig. 1. 


b31 tx ACCD b0O 


-—Minuend 
En ? 
@ Entry SBER - SBER¢1 SBER+2 SBERL3 


a cTe Te Tate] s 7A ]—suberahend 


— 


[o>) 
— 


(2) Return it C | | . 
Oe eae ee 


~ result 


Fig. 1 Example of SUB execution 
(2) User Notes. 
(a) When subtraction result is negative, 


(Minuend <Subtrahend), the result is 


2's complement. 





(b) As shown in Fig. 3, when not using 
upper byte, the upper byte should be bit CL. oan emer Galea 
held to "O"," otherwise subtraction . | 
result will not be correct, because — Fig. 2 Example of subtraction 

subtraction is performed with undefined when Porrow. is.generated 
data in the upper byte. 

(c) After SUB execution, minuend is 
destroyed because subtraction result 
is contained into IX and ACCD. 


If minuend needs to be retained after bit C[o] reo OPO Orci ee ee | 


SUB execution, it should be saved in 





Fig. 3 Example of subtraction 
memory before execution. | : when upper byte is not 


used 
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13. ee ae 32-BIT BINARY McU/MPU | HD6301/HD6303 FAMILY | LABEL 


DESCRIPTION 


(3) RAM Description 


Label RAM Description 
b7 bO 


SBER Upper byte 


32-bit binary subtrahend is stored. 


Lower byte 





(4) Sample Application 


Subroutine SUB is called after minuend and subtrahend are loaded. 


WORK 1 RMB Bi Reserves memory byte for 32-bit binary 
minuend. 
WORK 2 RMB aa Reserves memory byte for 32-bit binary 


subtrahend. 


WORK 3 RMB a aac Reserves memory byte for 32-bit binary 


subtraction result. 





LDD WORK 2 

a nn |e Stores 32-bit binary subtrahend into 

LbDD WORK2+2 entry argument (SBER). 

STD SBER+2 

LDX WORK 1 Loads 32-bit binary minuend into 

LDD WORK 14+2 71 entry argument (1X, ACCD). 

JSR SUB sea Calls subroutine SUB. 

BCS OVER ==—-S== If borrow is generated in subtraction 
result, branches to service routine. 

STX WORK3 9 ?¢----- Stores subtraction result 

STD WORK3+2 return arguments (IX, ACCD) in RAM. 


OVER Service routine 
in case of borrow 


_———a ww oe 
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—— 32-BIT BINARY Mcu/Mpu | HD6301/HD6303 FAMILY LABEL [so 


|DESCRIPTION ssi 
(5) Basic Operation 


(a) Uses 16-bit subtraction instruction (SUBD) provided in the HD6301/HD6303 
FAMILY. 


(b) (Formula 1) shows subtraction of lower 16 bits using 16-bit subtraction 
instruction (SUBD). When borrow is generated after performing (Formula 1), 


bit C is set. 
(ACCD) - (SBER+2:SBER+3) — ACCD ------- (Formula 1) 


(c) Upper 16 bits are subtracted using 8-bit subtraction instruction shown in 


(Formula 2), (Formula 3) (SBC) considering bit C. 


(ACCB) - (SBER+1) - (bit C) — ACCB ------- (Formula 2) 
(ACCA) -— (SBER) - (bit C) + ACCA ------- (Formula 3) 


Bit C is taken into consideration because there 1s borrow involved with the 


subtraction result by executing (b). 
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13. SUBTRACTING 32-BIT BINARY 
DATA 


FLOWCHART 


SUB 
SUB 
(ACCD)—( SBER+2 : SBER+3 ) 
>ACCD 


(ACCD)#( IX) 


ACCB)—(SBER+t1)+(bitC) 
—>ACCB 


(ACCA)—CSBER)—(bit C) 
ACCA 


(ACCD)#C( IX) 


RTS 


MCU /MPU HD6301/HD6303 FAMILY | LABEL 


Subtracts lower 16 bits, and stores result 
in lower 16 bits of minuend (ACCD). 


Exchanges lower 16 bits of subtraction result 
with upper 16 bits of minuend. 


| Subtracts upper 8 bits considering borrow 


which is generated by lower 16 bits sub- 
traction, and stores result in minuend 
for lower 16 bits area. 


Exchanges upper 16 bits with lower 16 bits 
of subtraction result. 
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bi staan oo EE MCU /MPU HD6301/HD6303 FAMILY | LABEL [ss 


| PROGRAM LISTING LISTING 


00001 OOOO OOO OOO OI OOK HOR I OK K 1OK KOK KOK 0K 2K KOK 0K 2K 0K 2K 2k 0K 2K 2K 2K 2K 0K 2K 0K 
00002 * * 
00003 * NAME : SUBTRACTING 32-BIT BINARY DATA ¢SUB>) x 
00004 x | > 
0000S DK KK KO KICK I IC KK IC ICC DI CK HOOK CK KICK KO HCOK 2G 2K DK IK 2K DK 2K OK 3K KCI K 2K KK 
00006 * Ok 
00007 >» ENTRY : IX CUPPER 16-BIT MONUEND> * 
00008 * ACCD («LOWER 16-BIT MONUEND) *k 
00009 * SBER (32-BIT SUBTRHEND) »* 
00010 * RETURNS : IX CUPPER 16-Z2IT RESIDUAL) * 
00011 > ACCD (LOWER 16-BIT RESIDUAL) »K 
00012 Ok CARRY (C=0: TRUE. C=1; BORROW) >» 
00013 x »* 
00014 OOOO OKO FOR KOK KOK OK KOK HOOK KOK IKK ECHO OK KK 216 9K KK CK CI I KK 240K 2 2K 
00015 * 
00016A 0080 ORG $80 
00017 * 
00018A 0080 0004 A SBER RMB 4 Subtrhend 
00019 * 
00020A FOOO ORG $FOOO 
00021 a * 

7 QOCZ2 FOOO A SUB EQU * Entry point 

© Q0023A FOOO 93 82 A SUBD SBER+2 Subtract SBER+2:SBER+3 from ACCD 
00024A FOO2 18 XGDX Exchange ACCD & IX 
0002SA FOOS D2 81 A SBCB SBER+1 Subtract SBER+1 from ACCB 
00026A FOOS 92 80 A SBCA SBER Subtract SBER from ACCA 
00027A FOO? 18 XGDX Exchange ACCD & IX 
000284 FOO8 39 RTS 
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MULTIPLYING 1 
a erat) ae McU/MPU | HD6301/HD6303 FAMILY | LABEL | mo. 


}FUNCTION = 











(a) Performs multiplication of 16-bit binary data in RAM and stores result 
in 32-bit binary in RAM. 


(b) Utilizes 16-bit unsigned integers in arguments. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@ : Not affected ROM (Bytes) 
Storage Byte 
| content| sce [RSS 


x : Undefined | 4 
RAM (Bytes) 
Multi- MCAND 9 
plicand (RAM) 
Entry 
Argu- i 
Arie F MER (RAM) 2 



















ACCD 


Interrupt 














{ : Result 
Stack (Bytes) 
Re- 
turns 


Product 


DESCRIPTION | 


(1) Function Details 


(a) Argument details 
MCAND (RAM): Holds 16-bit binary multiplicand. 
MER (RAM): Holds 16-bit binary multiplier. 
PRDCT (RAM): Contains 32-bit binary product. 


SPECIFICATIONS NOTES 
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ae eae 16~BIT BINARY wcu/MPu | HD6301/HD6303 FAMILY | LABEL 


DESCRIPTION 


b15 b0 


(b) Fig. 1 shows example of MUL execution. : NCANDCRANW[A TO TATe] ~ Multi 
If entry arguments are as shown in @) Entry mo ““""" plicand 
part G)of Fig. 1, Product is © : acai nésuroa) Die [e 4) ~ Mul ti 
contained in PRDCT (RAM) as G) Retarn ae mene ae 
shown in part (2) of Fig. l. | arguments [| (88055 C) [is[eis]eis [sic] Product 


(c) Table 1 shows result when "0" is 


held as entry arguments. Fig. 1 Example of MUL execution 


Table 1. Product when holding "O" as entry arguments 
(MCAND :MCAND+1) (MER :MER+1) . (PRDCT : PRDCT+1 : PRDCT+2 : PRDCT+3) 


| (NOTE) *1 $**** indicates hexadecimals 













(2) User Notes 
(a) As shown in Fig. 2, when not using 
upper byte, the upper byte should 


be held to "0", otherwise product 


; " [ero[F'a]+Multiplicand 
will not be correct, because : [eo [s"s]-Multiplier 
multiplication is performed with et 
undefined data in the upper byte. fo, ofo ofs 8]p Eg ~Product 

Fig. 2 Multiplication example when 
upper byte is not used 
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a —— pone y Bake Mcu/MPU | HD6301/HD6303 FAMILY | LABEL so 


|DESCRIPTION = 


(3) RAM Description 


Label Description 
MC AND Upper 
16-bit binary multiplicand is stored. 
Lower 
MER Upper 
‘16-bit binary multiplier is stored. 
Lower 
PRDCT 


32-bit binary product is stored. 


Lower 
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MULTIPLYING 16-BIT BINARY 
_ DATA 
DESU STE TION: 









MCU /MPU HD6301/HD6303 FAMILY 


(4) Sample Application 


Subroutine MUL is called after multiplicand and multiplier are held. 


WORK 1 RMB Bo amen Reserves memory byte for 16-bit binary 
multiplicand. 
WORK 2 RMB 2 oe= Reserves memory byte for 16-bit binary 
multiplier. 
WORK 3 RMB Se  ceee Reserves memory byte for product. 
| 
PSHA {| ___ Saves register contents that will be 
PSHB destroyed by MUL execution. 
LDD WORK1 | ____ Stores 16-bit binary multiplicand into 
STD MC AND entry argument (MCAND). 
LDD WORK2 [| ____ Stores 16-bit binary multiplier into 
STD MER entry argument (MER). 
| JSR MUL a Calls subroutine MUL. 
LDD PRDCT 
STD WORK 3 Stores 32-bit binary product 
LDD procT+2 f (return argument (PRDCT)) 
STD WORK 3+2 ae 
PUR ee Restores register. 
PULA 
! 
J 
| 
! 
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cetera 16-BIT BINARY McU/MPU | HD6301/HD6303 FAMILY | LABEL 


DESCRIPTION | 
(5) Basic Operation 


(a) Uses 8-bit binary multiplication instruction (MUL) provided in the HD6301/ 


HD6303 FAMILY. 
(b) Multiplication of 16-bit binary data is executed by obtaining partial products 


(as shown in Fig. a1) ; Q), GB) and )), and adding them to product (Fig. 3(6)). 


MCAND] | MCAND+1 ] ----- Multiplicand 
MER+1] ----- Multiplier 


a 9 

— : 

cn @ 

— ‘ 


PRDCT PRDCT+1 PRDCT+2 PRDCTE+3. 1 .===S= © Product (=@+@+@+@) 


Fig. 3 Multiplication 


x) 


Partial products 
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“MULTIPLYING 16<BIT BINARY 
___DATA 
FLOWCHART 









MU L 


MUL 


0—-PRDCT: PRDCT + 1 so 


E&- 


(MCAND+1 ) 
x (MER+1 ) -—- 
—PRDCT+2 : PRDCT+38 


(MCAND) x (MER+1 ) 
—-ACCD 


(ACCD) 
+( PRDCT+1: PRDCT+2)] —--— 
—PRDCT+1: PRDCT+2 


(MCAND#1) 
xX (MER) Te: 
—-ACCD 


(ACCD) 
+( PRDCT+1: PRDCT+2)] --— 
—PRDCT+1:PRDCT+2 


Rotate (PRDCT) ee. 
1 bit left 





cae tl Gea OF eee Ok Gee: i es 


(MCAND) x (MER) 
—>ACCD 


(ACCD) 
+(PRDCT: PRDCT+1 ) —-- 
—PRDCT: PRDCT+1 





se gels 


RTS 


MCU /MPU 





HD6301/HD6303 FAMILY 


Clears RAM for product. 


Obtains partial product, that is, (lower byte of 
multiplicand) x (lower byte of multiplier), 
and stores it in RAM for product. 


Requires partial product of 
(upper byte of multiplicand) 
(lower byte of multiplier). 


Adds partial product and stores it in RAM 
for product. 


Requires partial product of 
(lower byte of multiplicand) x 
(upper byte of multiplier) 


Adds partial product and stores it in RAM 
for product. 


As carry may be generated, executes carry 


process. 


Requires partial product of 
(upper byte of multiplicand) x 
(upper byte of multiplier) 


Adds partial product and stores it in RAM 
for product. 
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eae ero 16-BIT BINARY Mcu/MPU | HD6301/HD6303 FAMILY |LABEL 


| PROGRAM LISTING _| LISTING 


00001 KOKORO OKO OOK KOK OKOIOK OOK IOK ROOK OIOK HOR KOK OK KOK OKOKOHC KOK KOK HOOK 21 2K KK HOKOOK 
00002 > 
00003 * NAME : MULTIPLYING 16-BIT BINARY DATA  CMUL) x 
00004 o * 
OO000S OOK OOK OK OKOOK OK OK IORI OOK OK OK OOK OK OK KOK OK OKCOK DIC I aK I KK KOK 2K 
00006 * 

00007 * ENTRY =: MCAND CMULTIPLICAND) Kk 
00008 * MER (MULTIPLIER) 2K 
00009 »* RETURNS : PRDCT (PRODUCT) * 
00010 * > 
00011 SOOO OOO OOOO OK OOK OK IO KK KI OKOK KI KK OK KOK OK KOK KOK 2K 
00012 0 

00013A 0080 ORG $80 

00014 * 

0001SA 0080 0002 A MCAND RMB 2 Multiplicand 

00016A 0082 0002 A MER RMB Zz Multiplier 

00017A 0084 0004 A PRDCT RMB 4 Product 

00018 * 

00019A FOOO ORG $F O00 

00020 > 

00021 FOOO A MUL EQU * Entry point 

00022A FOOO 4F CLRA Clear product area 

O00023A FOO] SF CLRB 


00024A FOO2 DD 84 
00025A FQ04 96 2&1 LDOAA MCAND+1  (MCAND+1> * CMER+1) -—> PRDCT 
Q0026A FOOE Dé 83 LDAB MER+] 

00027A FOOS 3D MUL 

Q0028A FOO9 DD 86 STO PRDCT+2 

Q0029A FOOB 96 80 LDAA MCAND CMCAND) * CMER+1) -> ACCD 
Q0030A FOOD Dé 83 LDAB MER+1 

Q0031A FOOF 3D MUL 

00032A FO10 D3 85 ADDD PROCI+), -~AGCCD + CPRDET) -—2 -PROCT 
000338 FO12 DD 85 STO PROGT +. 

Q0034A F014 96 81 LDAA MCAND+1  (MCAND+1)> * (MER) -> ACCD 
Q003SA FO16 D6 82 LDAB MER 

O0036A FO18 3D MUL 

QO037A FO19 D3 85 ADDD PROCT#1: “ACED.+ CPRDCTD: =>“ PRBOCT. 
O0038A FO1B DD 85 STD PROCT+1 

QO039A FO1ID 79 0084 ROL PROCT 

00040A F020 96 80 LDAA MCAND CMCAND) * (MER) -> ACCD 
00041A FOZ2 Dé 82 LDAB MER 

00042A F024 3D MUL 


STO PRDCT 


DrYrDYp Dr Dp Drr 


rPrrrrr 


CO043A FO2S D3 84 A ADDD PROCT ACCD + PRDOCT <> PROCT 
QO0044A FOZ? DD 84 A S10 PROCT 
O004SA FOZ9 39° RIS 
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15. DIVIDING 16-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY 


(a) Performs divisions of 16-bit binary data and stores result (quotient and 











CFUNCTION 





residual) in 16<bit binary. 
(b) Stores dividend and divisor in IX and RAM. 


(c) Utilizes unsigned integers in arguments. 


| | CHANGES IN CPU | spEcIFICATIONS a ; 
ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
| @ : Not affected ROM (Bytes) 
N 


3 x ; Undefined 
a ea 
Divisor (RAM) 2 476 
Re- 





turns 


DESCRIPTION 
(1) Function Details 


(a) Argument details 
IX: Holds 16-bit binary dividend. Contains quotient after DIV execution. 
DVS (RAM): Holds 16-bit binary divisor. 
ACCD: Contains 16-bit binary residual. 


SPECIFICATIONS NOTES 


© HITACHI 
768: 


15. DIVIDING 16-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY 


DESCRIPTION 


(2) Return 
(b) Fig. 1 shows example of DIV execution. arguments 
coo FT 
If entry arguments are as shown in blo bO bl5 bO 


Ix 


; ACCD 
($0004) (SOF8D) 


is contained in IX and ACCD as shown in b15 HO THIS 50 
part(2) of Fig. 1. bofoto] 


part G)of Fig. 1, division result 





DVS DVS+1 1X 
(c) Table 1 shows result when "0" is held eee, ($4F3D) 
as entry arguments. Entry arguments 


Fig. | Example of DIV execution 


Table 1 Result when holding "O" as entry arguments 


Divisor (DVS) Residual (ACCD) 


(NOTE) * $**** indicates hexadecimals. 




















+ * 
0 










(2) User Notes 


(a) When not using upper byte as shown in 
Fig. 2, the upper byte should be held 
to "0", otherwise division result 


will not be correct, because division 


is performed with underfined data fovofo.3]---[o.o[o a] 
in the upper byte. DOOG SA Gor 


(b) After DIV execution, dividend is 
destroyed because quotient is contained Fig. 2 DIV example when upper 
in IX. If dividend needs to be byte is not used 
retained after DIV execution, it 
should be saved in memory before 


execution. 


© HITACHI 
769 


DIVIDING 16-BIT BINARY DATA MCU /MPU HD6 301 /HD6303 FAMILY | LABEL ory 


|DESCRIPTION ssid 


(3) RAM Description 


Label RAM Description 


DVS Upper byte 16-bit binary divisor is stored. 


Lower byte 


DICNIR Dividend shift counter is stored. 





(4) Sample Application 


Subroutine DIV is called after dividend and divisor are held. 


WORK 1 RMB Zo Se Reserves memory byte for 16-bit binary 
dividend. 
WORK 2 RMB 2 ----- Reserves memory byte for 16-bit binary 
divisor. 
WORK3 RMB ) i cic Reserves memory byte for 16-bit binary 
quotient. 
WORK4 RMB Bo Reserves memory byte for 16-bit binary 
| residual. 
) 
| 
LDX WORK1L ----" Loads 16-bit binary dividend into 
entry argument (IX). 
LDD WORK 2 Stores 16-bit binary divisor into 
STD DVS entry argument (DVS). 
| JSR DIV ~---- Calls subroutine DIV. 
STX WORK 3 | ----- Stores division result in RAM. 
STD WORK 4 
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DIVIDING 16-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL ow 


|DESCRIPTION = 
(5) Basic Operation 


(a) In binary code divison, quotient and residual are obtained by repeated 


subtraction. Fig. 3 shows example of division ($0D + $03). 


@® © 


1 0 0 + Quotient 


Divisor— 1 i) 11031 « Dividend 


a @ 
a <e 
= a @ 
|e ee 6 
+) : ae es @ 
001 
=) 1 1 
—1 0 
+) 1 1 


001 — Residual 


Fig. 3 Division example ($0D = $03) 


(b) Refering to Fig. 3, the program is explained as follows: 


(i) Loads number of shifts in shift counter (DICNTR) and clears ACCD in 
which residual will be loaded. 


(ii) Shifts dividend (IX) and ACCD left 1 bit, then shifts MSB of IX to LSB of 





ACCD. This is because when performing subtraction, the upper bits are 
| fetched one by one from dividend. 
(iii) Subtracts divisor (DVS:DVS+1) from ACCD. If subtraction result is 

positive, sets LSB of IX to "1". 

(Fig. 3 O-@-+@). 

If subtraction result is negative, clears LSB of IX, adds divisor to 

subtraction result and restores the pevious subtraction result. 

(Fig. 3 O-@O-@. 

(iv) Decrements shift counter. 
| (v) Loops (ii) to (iv) until shift counter is "0". 
Le 
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DIVIDING 16-BIT BINARY DATA MCU /MPU HD6301 /HD6303 FAMILY |LABEL pr 


|FLOWCHART = si 


16—~DICNTR 
0-ACCD 


DIV1 


CACCD)#(C IX) 


Shift (ACCD) 
1 bit left 


CACCD)#( IX) 
Rotate (ACCD) 
1 bit left 
(ACCD) — (DVS: DVS+1) 
—-ACCD 


(ACCD)=0 













a = ee ee 


i al 


(ACCD)<0 


ECD OS San 
(IxX)-1->1xX 


DIV2 


(DICNTR)—1—DICNTR 


<> - 


(DICNTR) =0 






(DICNTR) #0 


Loads number of shifts into shift 
counter. 


Clears work area where division 


poet 


result will be stored. 


Shifts MSB of dividend to LSB of 


work area. 


Subtracts divisor from work area. 


ets LSB of IX to "1" where residual 
ill be stored. 


= WM 


Tests if subtraction result is 


positive. 


Adds divisor to subtraction result 
and returns contents of work area. 
Clears LSB of IX where residual 


will be stored. 


Decrements shift counter. 


Tests if shift is completed. 


= whe <2 
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15. DIVIDING 16-BIT BINARY DATA MCU /MPU HD6301/HD6303 FAMILY | LABEL 


PROGRAM LISTING 


00001 OOOO OOO IORI OIOQIORQ OOK OOK OOK IO KKK I KK KK KOK KK 
00002 k * 
00003 * NAME : DIVIDING 16-BIT BINARY DATA <DIV) x 
00004 * * 
Oo00gSs OOK IOIOKOIORO KOKO OKO OOO OOK OK OKO OK OK OK KOK KKK 10K 2K KOK ACK KK 2K 
00006 * * 
00007 * ENTRY : IX (DIVIDEND) * 
00008 * DVS <CDIVISOR) * 
00009 * RETURNS : ACCD CQUOTIENT) « 
00010 * IX CRESIDUAL ) k 
00011 x > 
00012 OOOO IOIOK OK OOK KOK KOK KOK KOK 2K 2K KOK KOK KOK 2K KOK OK ICH HOOK KOKO HOOK IC KOK 2K 2K 
00013 

00014A 0080 ORG $80 

00015 > 

00016A 0080 0002 A DVS RMB 2 Divisor 

00017A 0082 0001 A DICNTR RMB 1 Shift counter 

00018 »* 

00019A FOOO ORG $FOO0O0 

00020 * 

00021 FOOO A DIV EQU >» Entry point 

00022A FOOO 86 10 A LDAA #16 Set shift counter 

00023A FQO2 97 82 A STAA DICNTR 

O0024A F004 4F CLRA Clear work (Set quotient afterword) 
0002SA FOOS SF CLRB 

00026A FOO6 18 DIV1 XGDX Shift dividend and set MSB of- 
00027A FOO? OS ASLD -dividend to LSB of work 
00028A F008 18 XGDX 

00029A FOO9 59 ROLB 

O0030A FOOA 49 ROLA 

00031A FOOB 3 80 A SUBD DVS Work - Divisor -> Work 

00032A FOOD 08 INX Set high to LSB of residual area 
00033A FOOE 24 03 FO13 BCC DIV2 Branch if work>=divisor 

00034A F010 D3 80 A ADDD DVS Work + Divisor -> Work 

O0003SA F012 O09 DEX Clear LSB of residual area 
00036A F013 7A 0082 A DIV2 DEC DICNTR Decrement shift counter 

00037A FO16 26 EE FO06 BNE DIV1 Loop until shift counter = 0 
00038A F018 39 RTS 
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16. ADDING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL 


FUNCTION | 


(a) Performs addition of 8-digit BCD number in RAM, and stores result in 8-digit 
















BCD number in RAM. 










(b) Utilizes unsigned integers in arguments. 


CHANGES IN CPU 
REGISTERS AND FLAGS 


@ : Not affected 


SPECIFICATIONS 
ROM (Bytes) 


5 
RAM (Bytes) 


Le 
ae 
No 


ARGUMENTS 
Storage Byte 
j_coneenes | Toca] ath. 
Entry 
Madend: Se 
Argu- 
























x : Undefined 
! : Result 


a 

























(RAM) 





iG 
= 
ments 
Addition ABD i 
result (RAM) 
Re- 
turns 
bit C 1 
(CCR) 


















ae 
ae ae 
ae ee 







Carry or 
no carry 





x 
I 
x 
C 
DESCRIPTION 


(1) Function Details 








(a) Argument details b31 bO 
ABD( RAM) 4 7 -A 
er : Holds 8-digit BCD augend. entry (12478082) ugend 
RAM) 


, . arguments (76008901) }7 6fo,0f8, 9fo a] . Addend 


pubs +) ACD ACD+ ACD ACD 
addition result. 


ACD : Holds 8-digit BCD added. (2)Return {sce fo] [raperaperaprey-Addition 
(RAM) arguments ea ABD ABDHABDRABDIS Tesult 






Fig. 1 Example of ADDD execution 









SPECIFICATIONS NOTES 
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16. ADDING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL 


DESCRIPTION 


(b) 


bit C: Indicates whether a carry is 
(CCR) 
generated or not after ADDD 
execution. 
bit C=l: Carry is generated in 
addition result. 
(See Fig. 2) 
bit C=0: No carry is generated 


in addition result. 


Fig. 1 shows example of ADDD execution. 


If entry arguments are as shown in 
part G)of Fig. 1, addition result is 


contained in ABD(RAM) as shown in part 


Q)of Fig. l. 


(2) User Notes 


eof a ate oft o}-Augend 
+) Ly tfo 2}alojeo}~Addend 


bit CO) Polo fre]-Addition 


carry result 


Fig. 2 Addition example when carry 
is generated 


ere [e Top e]ate]~ Augend 
+) [o'ofoof2'a[s's]—Addend 


bic CE) Pte s)-Addition 


result 


Fig. 3 Addition example when upper 
byte is not used 


(a) As shown in Fig. 3, when not using upper byte, the upper byte should be 


(b) 


(c) 


held to "0", 


otherwise addition result will not be correct, because 


addition is performed with undefined data in the upper byte. 


After ADDD execution, augend is destroyed because addition result is containd 


in ABD (RAM). 


be saved in memory before execution. 


If augend needs to be retained after ADDD execution, it should 


BCD number should be held in augend and addend, otherwise addition result 


will not be correct. 


(3) RAM Description 


Label RAM 
b7 bO 
ABD Upper byte 
Lower byte 
ACD 


Upper byte 


Lower byte 





Description 


8-digit BCD augend is stored before 


execution. 


8-digit BCD addition result is stored 
after execution. 


8-digit BCD addend is stored. 
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ADDING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY |LABEL | ADDD 


/DESCRIPTION sid 


(4) Sample Application 
Subroutine ADDD is called after augend and addend are held. 


WORK1 RMB Gis ee Reserves memory byte for 8-digit BCD 
augend. 

WORK2 RMB GQ ee Reserves memory byte for 8-digit BCD 
addend. 

WORK3 | RMB Go me Reserves memory byte for 8-digit BCD 


addition results. 


PSHA Saves register contents that will be 
PSHB sp ee : 
| destroyed by ADDD execution. 
PSHX 
LDD WORK1 
STD ABD Stores 8-digit BCD augend into 
LDD WORK1+2 entry argument (ABD). 
STD ABD+2 
LDD WORK2 | 
STD ACD LL Stores 8-digit BCD addend into 
LDD WORK2+2 entry argument (ACD). 
STD ACD+2 
| JSR ADDD S24 Calls subroutine ADDD. 
BCS OVER:  <Shae= If carry is generated in addition result, 
branches to service routine. 
LDD ABD 
STD WORKS ([ , Stores addition result (return arguments 
LDD BBD Ee (ABD)) in RAM. 
STD WORK3+2 
PULX 
PULB — sh Restores register. 
PULA 


OVER Service routine 
in case of carry 
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ADDING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY |LABEL | ADDD 


DESCRIPTION. sid 
(5) Basic Operation 


(a) When addition of more than 2 bytes are executed, addition result can be 
obtained by repeating addition for each byte. 

(b) IX is used to indicate augend and addend addresses and is also used to count 
number of additions. 

(c) Clears bit C at first. 

(d) Performs (Formula 1) on each byte of augend and addend using index addressing 


mode. 
Augend + Addend + (bit C)—*ACCA -~-------------- (Formula 1) 


Bit C is added in (Formula 1) because addition result of lower bytes generate 
carry. 

(e) Adjusts addition result of (d) to decimal value using decimal adjust ACCA 
instruction (DAA), and holds it in augend ABD (RAM). 


(f£) Decrements IX every time (d) to (e) is executed. 


(g) Loops (d) to (£) until IX is "0". 
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FLOWCHART 


16. ADDING 8-DIGIT BCD | MCU/MPU HD6301/HD6303 FAMILY 


A DDD 


ADDD 


pte 
oe 


(ABD—1+IX)+ | 
(ACD—1+1xX) | --- 
+(bit C)—~ACCA 










Decimal ee 
adjust (ACCA) 


(ACCA) >(ABD—1+I1X) 


COL eyes ore x 


(IxX)#0 


| 
| 
ie pl 


Loads "4" in pointer indicating augend 
address and counter indicating number of 


addition. 


Clears bit C for carry operation. 


Adds addend and bit C to augend. 
Adjusts addition result to decimal. 


Stores decimal-adjusted result in augend 


RAM. 


Decrements pointer indicating augend 
address and counter indicating number of 


addition. 


Tests if addition in all digits is 


completed or not. 
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ADDING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL 


| PROGRAM LISTING _| LISTING 





00001 SOOO OOO OOK IO IO I OOK I OK KOK KOK OKO 2K KKK 2K 0K OK KOK OK KOK 0K 21 0K 24K HOOK KOK 
00002 > > 
00003 >« NAME : ADDING 8-DIGIT BCD CADDD) ok 
00004 * > 
OOO0S OOOO KOK OK OOK IOKOK KK KOK KK KOK IC ICK 2K 2K 2K 2K 2K 2K 2k 2 24 2K 2K 0K KOK 
00006 * >» 
00007 * ENTRY =: ABD CAUGEND) »*K 
00008 cs ACD CADDEND) * 
00009 * RETURNS : ABD ¢CSUM) »K 
00010 * CARRY (C=0:TRUE.C=1;OVER FLOW) x 
00011 >» * 
00012 OOO OOOO OOO OOK OKI OK KK OK KK OK OK OK KKK OOK 2K 2K OK 0K 24 24 KOK 2K OK 
00013 »* 
00014A 0080 ORG $80 
00015 * 
00016A 0080 0004 A ABD RMB 4 Augend -> sum 
00017A 0084 0004 A ACD RMB 4 Addend 
00018 * 
00019A FOOO ORG $FOOO 
00020 »k 
00021 FOOO A ADDD EQU * Entry point 
00022A FOOO CE 0004 A LDX #4 Set ADDR pointerCaddition counter) 
00023A FOO3 OC CCUG Clear carry bit 
00024A FOO4 ASG 7F A ADDD1 LDAA ABD-1,X Augend+addend 
0002SA FOO6 AS 83 A ADCA ACD-1.xX 
00026A FOO8 19 DAA Convert into BCD 
O00027A FOO9 A? TF A STAA ABD-1,X Store in augend area 
00028A FOOB 09 DEX Decrement ADDR pointer 
00029A FOOC 26 Fé F004 BNE ADDD1 Loop until ADDR pointer = 0 
O0030A FOOE 39 RTS 
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SUBTRACTING 8-DIGIT BCD MCU /MPU | HD6301/HD6303 FAMILY LABEL 


FUNCTION 


(a) Performs subtraction of 8-DIGIT BCD number in RAM and stores result in 













8-digit BCD number in RAM. 


(b) Utilizes unsigned integers in arguments. 


| CHANGES IN CPU 
ARGUMENTS REGISTERS AND FLAGS |_°/ECTF TCATIONS 


— ROM (Bytes) 
Storage | Byte 
Te 


xX : Undefined 
RAM (Bytes) 
Minuend SURED 
(RAM) 
Entry i 
Subtra- | SUBERS 4 
hend (RAM) 
Argu- 
ments 





















Not affected 

















Interrupt 





| : Result 
oes SUBEDS ; 
(RAM) 
result 


Stack (Bytes) 
bit C 1 
(CCR) 
| DESCRIPTION 
(1) Function Details b31 


of cycles 
Gooles sco noRaDaone 
(90123456) EX [3,4 Minuend 









turns 
Borrow 


or no 
borrow 












(a) Argument details ® Entry. 
SUBEDS: Holds 8-digit BCD minuend. arguments (eases «L212, 415,417, *}-Subtrahend 
a : , 1 





After SUBD execution, contains bitCb3l 


. SUBEDS ( RAM Subtraction 
subtraction result. @ Return | Seas GanaDOno : 
arguments vs sve LTeSUuLt 









: Holds 8-digit BCD subtra- 
hend. 






Fig. 1 Example of SUBD execution 


SPECIFICATIONS NOTES 
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SUBTRACTING 8=<DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL SUBD 


DESCRIPTION 


bit C: Indicates whether borrow is 


(CGR) generated or not after SUBD ede ep k)+ Minuend 
Seocnnacnd. 
aon : Se Subt rahend 
bit C=1l: Borrow is generated in bit Clo) Getes Te s|e)-Subtraction 
result 
SUDEEICELON ECSUL EY Fig. 2 Subtraction example when 
bit C=#0: No borrow is generated borrow is generated 
in subtraction result. 
(See Fig. 2). _ 
' [oioToto [ula Tsis]--Minue 
(b) Fig. 1 shows example of SUB execution. ; SSSI). gabe echend 
If entry ar ts i ees op a 
y guments are as shown in bit c[] eolerols s [21]. Gap eeaeeion 
part Gof Fig. 1, subtraction result result 


° e ° h ; . 
is contained in SUBEDS (RAM) as shown Fig. 3 Subtraction example when 
in part @)of Fig. l. not using upper byte 


(2) User Notes 


(a) As shown in Fig. 3, when not using upper byte, the upper byte should by held to 
"QO" otherwise subtraction result will not be correct, because subtraction 
result is performed with undefined data held in the upper byte. 

(b) After SUBD execution, minuend is destroyed because subtraction result is 
stored in SUBEDS (RAM). If minuend needs to be retained after SUBD 
execution, it should be saved in memory before execution. 

(c) BCD number should be held in minuend and subtrahend, otherwise subtraction 


result will not be correct. 
(3) RAM Description 


Label RAM Description 
b7 bO 


SUBEDS Upper 
8-digit BCD minuend is stored before 
execution. 


8-digit BCD subtraction result is 
stored after execution. 


Lower 


SUBERS 


8-digit BCD subtrahend is stored. 
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17. SUBTRACTING 8-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL | SUBD 


DESCRIPTION 


(4) Sample Application 


Subroutine SUBD is called after minuend and subtrahend are held. 


WORK 1 RMB ho ee Reserves memory byte for 8-digit BCD 
minuend. 

WORK 2 RMB Bo eee Reserves memory byte for 8-digit BCD 
subtrahend. 

WORK3 RMB eRe Reserves memory byte for 8-digit BCD 


subtraction result. 


pone ___ Saves register contents that will be 
= oe destroyed by SUBD execution. 
LDD WORK 1 
STD SUBEDS | __ Stores 8-digit BCD minuend into 
LDD WORK1+2 entry argument (SUBEDS) . 
STD SUBEDS+2 
LDD WORK 2 
as Ee Ale. Stores 8-digit BCD subtrahend into 
LDD WORK 2+2 entry argument (SUBERS).. 
STD ~SUBERS +2 
JSR SUBD a Calls subroutine SUBD. 
BCC OVER- =="S= If borrow is generated in subtraction 
result, branches to service routine. 
LDD SUBEDS 
STD WORK3 | Stores subtraction result 
LDD SUBEDS+2 (return arguments (SUBEDS)) in RAM. 
STD WORK 3+2 
PULX 
PUGB. = «apemeeee Restores register. 
PULA 


1 
| 
1 
! 
OVER Service routine 
in case of borrow 
} 
! 
| 
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SUBTRACTING 8-DIGIT BCD MCU /MPU ase cian FAMILY | LABEL 


[DESCRIPTION 
(5) Basic Operation 


(a) Subtraction of BCD can be performed by (Formula 1) and (Formula 2). 
Minuend<Subtrahend=Minuend+10's complement of subtrahend ... (Formula 1) 


10's complement of minuend=$99-Subtrahend+1] ...ceeeeesseeees (Formula 2) 


(b) Using (Formula 1) and (Formula 2), the program is described as follows: 
(i) Takes 10's complements of 8-digit subtrahend by (Formula 2) and stores 
them in SUBERS (RAM). 
(ii) IX is used to indicate minuend and subtrahend, and is also used to 
count number of subtraction. 
(iii) Performs (Formula 3) on every byte from LSB of 10's complement of 


minuend and subtrahend using index addressing mode. 
Minuend+10's complement of subtrahend+(bit C) ~* ACCA ::: (Formula 3) 


(iv) Adjusts subtraction result of (iii) to decimal number using decimal 
adjust instruction (DAA) and stores it in minuend RAM (SUBEDS) . 
(v) Decrements IX. 


(vi) Loops (iii) to (v) until IX is "0". 
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17. SUBTRACTING 8-DIGIT BCD MCU/MPU | HD6301/HD6303 FAMILY | LABEL SUBD 


FLOWCHART 


SUBD 


SUBD 


pK Takes 10's complement of subtrahend, and 
4 > 1X tes 
stores it in subtrahend RAM. 
| However, only ($9999 - subtrahend) is 
( SUBERS- 2+1X+1 










calculated in this part. Adds "1" in the 


$9999 

ee onecs hy cee eS 
—> = 

next step by setting bit C (See Formula 


2 in '"(5) Basic Operation"). 


(IxX)—-2->1X 


(IX)=0 





(1X)40 


l1 > bit C 


address and counter indicating number 


of subtraction. 


pK | Loads "4" in pointer indicating minuend 
i ce ---- 










+ (SUBERS- 1+-1X) 


+(bit C)—ACCA 


( SUBEDS- 1+1X) Adds 10's complement of subtrahend and 
bit C to minuend. 


Decimal 
adjust (ACCA) 


Adjusts addition result to decimal. 


Stores decimal-adjusted result in 


minuend RAM. 


address and counter indicating number of 
subtraction. 


(1X)0 Tests if subtraction in all digits is 


completed or not. 


{ Decrements pointer indicating minuend 
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SUBTRACTING 8-DIGIT BCD MCU/MEU #06201 /4D6303 FAMILY | LABEL | SUBD 


PROGRAM | PROGRAM LISTING _| 


00001 HO IOKOIOK KAO HOI HOIOK HOOK 4 KOK 211K OK IOKOK KC HOK OK KKK KK KK KI HOH HOK 
00002 * a 
00003 * NAME : SUBTRACTING 8=DIGIT BCD (SUBD) ** 
00004 * aK 
00005 KOK OK ROHRLICK OK 0K KK KOK 3K CHC KCHCHK KKK CORK KKK KCK KC CK CK KK HE 
00006 2 Ok 
00007 © * ENTRY +: SUBEDS (MINUEND) * 
00008 *k SUBERS (SUBTRAHEND > * 
00009 * RETURNS : SUBEDS (RESIDUAL) a 
00010 > CARRY (C=#1;TRUE.C=O0;BORROW) ¥* 
00011 > as 
00012 2421 9K KCC HC KC CK KC KK KK KK CCK KC KC KC KC HO KC KCK CK KC 2K 2K 
00013 * 

00014A 0080 ORG $80 

00015 2 

00016A 0080 0004 A SUBEDS RMB 4 Minuend -> Residual 
00017A 0084 0004 A SUBERS RMB 4 Subtrahend 

00018 * 

00019A FOOO ORG $FO00 

00020 * 

00021 FOOO A SUBD EQU * Entry point 

0002248 FOOO CE 00046 A LOX #4 999999°9-Subtrahend -> SUBERS 
00023A FOOS CC 9999 A SUBD1 LDD #$9999 

00024A FOO6 AZ 82 A SUBD SUBERS-2, X 

00025A FOO8 ED 82 A STD SUBERS-2, X 





00026A FOOA 09 DEX 
O0027A FOOB O09 DEX 
000288 FOOC 26 FS FO03 BNE SUBD] 
000298 FOOE OD SEC Set carry bit 
OOO030A FOOF CE 0004 A LOX #4 Set ADDR pointer (subtraction counter) 
0003148 FO12 AG 7F A SUBD2 LDAA SUBEDS-1.X Minuend+negéetive of subtrahend 
00032A F014 AS 8&3 A ADCA SUBERS-1.X 
O00033A F016 19 DAA Convert into BCD 
00034A FO1? A? TF A STAA SUBEDS-1,X Store in SUBEDS area 
OO03SA FO19 09 DEX Decrement ADDR pointer 
O0036A FOIA 26 F6é F012 BNE SUBD2 Loop until ADDR pointer = 0 
O0037A FOIC 39 RUS 
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18. 16-BIT SQUARE ROOT MCU/MPU | HD6301/HD6303 FAMILY |LABEL | SORT 
FUNCTION 3 


(a) Obtains square root of 16-bit binary data in IX, and stores result in RAM. 
























(b) Utilizes unsigned integers in arguments. 


ARGUMENTS 


CHANGES IN CPU 
N 
REGISTERS AND FLAGS SPECIFICATIONS 
ROM (Bytes) 
54 
Storage Byte 
= 


pa fe 
Argu- 
ments 
Re- Square SANS+1 
turns| root (RAM) 




















@ : Not affected 
x : Undefined 


t : Result 


ACCD 
ACCA ACCB 



















Stack (Bytes) 


ce re 
| No 


Relocation 


No 
Interrupt 
























x 
: 
[ele 


(1) Function Details ps2 — ee 


@entry {ogy 


(a) Argument details argument 


oe 


IX : Holds 16-bit binary data to be sanrean Maan Oo bO 
ieuaa (Q)Return ee 
q : argument SANS+} 
SANS+1: Contains 16-bit binar r ; : 
(RAM) pee Fig. | Example of SQRT execution 


root. 


(b) Fig. 1 shows example of SQRT ex- 





ecution. If entry argument is as ci Rae 

shown in part @)of Fig. 1, square | 

root is contained in SANS+1 (RAM) as 

shown in part 2 of Fig. 1. Fig. 2 Example when upper byte is 
not used 


SPECIFICATIONS NOTES 


"No. of cycles" in 'SPECIFICATIONS" represents the number of cycles needed to 





get square root of $FFFF. 
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18. 16-BIT SQUARE ROOT MCU /MPU HD6301/HD6303 FAMILY SQRT 


DESCRIPTION 


(2) User Notes 


(a) When not using upper byte as shown 


to "0", otherwise square root will 


in Fig. 2, the upper byte should be held 


not be correct, because square root is 


obtained with undefined data in the upper byte. 


(b) Values to the right of the binary point are truncated. 


(3) RAM Description 


Label RAM 
b7 bO 
SANS Upper byte 
(SANS+1) Lower byte 
SCNTR 





(4) Sample Application 


Subroutine SQRT is called after data 


WORK 1 _ RMB 9. ‘eee 
WORK 2 RMB i 020 tee 
| | 

| 

| 

| 

! 
PSHA 
PSHB  $----- 
PSHX 
LDX WORKY: , =“=r= 

ISR SQRT ee 

LDAA SANS+1 
STAA WORK2 | | 
PULX 
PUEB. 0 eee 
PULA 


Description 


Work area is reserved to square root 
before execution. 

8-bit binary square root is stored in 
SANS+1, and "0" is stored in SANS after 
execution. 

Shift counter for counting number of 
shifts of data to be squared is stored. 


to be squared is held. 


Reserves memory byte for 16-bit 
binary data to be squared. 
Reserves memory byte for 16-bit binary 


square root. 


Saves register contents that will be 


destroyed by SQRT execution. 


Loads 16-bit binary data to be squared 


into entry argument (IX). 
Calls subroutine SQRT. 


Stores 16-bit binary square root 


(return argument (SANS+1)) in RAM. 


Restores register. 
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16-BIT —— ROOT MCU /MPU HD6301 /HD6303 FAMILY | LABEL SORT 


DE DESCRIPTION sd 
(5) Basic Operation 


(a) Fig. 3 shows calculation used to obtain 16-bit binary square root. 


(Data to be squared=$22, square root=$05). 


: @®8O Oo © © 
| | 1! ol 4. (I) sseees Square root 
oe 0 0 0 {1 0 (ORE Data to be squared 
1! | 1 | r ® 
——_——_}—_ + — - — — —— a 
1 ol1ol 1/0 0! ® 
——-}-|------------ Se 
| 0) | 0 6) 
Feaean: st near eereespe ws vos 1 -- 
1 0;0]1 1,0 011 0 © 
~—-p-jp---------- = root eee ene es! 
ee i) o!o 1 ® 
er a _ ee 
—__—_|— ee epee! nied Beene er eee 
i010 ly olo 1 © 


Fig. 3 Calculating a square root 


(b) The calculation in Fig. 3 is explained as follows: 
(i) Clears square root area, SANS:SANS+1 and work area ACCD. 
(ii) Rotates IX and ACCD two bits left to fetch upper 2 bits of data to be 
squared and sets upper 2 bits of data to be squared in ACCD. 
(Fig. 3 @ - @) 
(iii) Sets "1" in 2-byte area, SANS:SANS+1 from RAM address shown in SANS. 
(Fig. 3@-@). 
(iv) Subtracts SANS:SANS+1 from ACCD, and stores obtained result in ACCD. 
(Fig. 3@-@, @,@). 
(vy) When result is positive, increments SANS+1. (Fig. 3 @-@) 
| When result is negative, decrements SANS+1, and adds SANS: 
SANSt1 to ACCD. (Fig. 3 ®,®-@©). 
(vi) In subroutine SQRT, loops (ii) to (v) 8 times and then shifts SANS : SANS+1 
1 bit right to halve SANS:SANS+1. (Fig. 3 (A) , B) ~ is square root). 
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18. 16-BIT SQUARE ROOT MCU /MPU HD6301/HD6303 FAMILY 


FLOWCHART 


SQKT 


SQRT 
Loads number of shifts into shift 
counter. 


8—>SCNTR 


0-ACCD 


Clears RAM used to obtain square 
root (solution). 


| 
| 


(ACCD) — SANS: SANS+1 
Stores data to be squared in ACCD and 
poe Ae 


(CACCD) eC IX) lears IX. 


n 
< 
a) 
] 


| 
| 
So ee, fae es 


Shift (ACCD) 
1 bit left 


Stores upper 2 bits of data to be 
squared in lower 2 bits of.work area. 


Rotate (IX) 
Ll bit left 


Shift (ACCD) 
1 bit left 


Rotate (1X) 
1 bit left 


1 — bit C 
_._. Sets "1" in solution. 
Rotate (SANS:SANS+1) 








bit left 
(ACC) —(SANS:SANS1+-1) | ____| Subtracts solution from work area. 
AOC CD 
CACCD)<0 Test if subtraction result is 
~ | positive or negative. 
SQRT3 (ACCD) 220 ; : 
(ACCD)-+-(SANS : SANS+1 ) Adds solution to subtraction result 
—-ACCD ~ | to return to the state before subtraction. 


Clears "1" set in solution. 


(SANS+1)—-1-SANS+1 


(SANS+1)+1—-SANS+41 eres 


SQRT 2 


(SCNTR)-1—-SCNTR I 7-77 
(ACCD)#&C 1X) ae 


(SCNTR)*0 <Gewnn => aoe 
SQRT 4 ( SCNTR) = 0 


Shift (SANS:SANS+1) | ___ nes right to halve 
1 bit right . : 


Increments solution. 


fe 


Decrements shift counter. 


==] 


eplaces data because data to be squared 
s rotated 2 bits left. 


be a 


Tests 1f shift is completed or 


aemauect 3 came 
“3 
(oe) 
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18. 


PROGRAM LISTING 


790 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012A 
00013 
00014A 
O00015A 
00016 
00017A 
00018 
00019 
00020A 
00021A 
000224 
00023A 
O0024A 
0002SA 
00026A 
00027A 
00028A 
O0029A 
00030A 
OOO31A 
00032A 
00033A 
O0034A 
O0035A 
00036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043A 
00044A 
00045A 


00046A. 


00047A 
00048A 
00049A 


0080 


0080 
0082 


FOQOO 


FOOO 
FOQO2 
FO04 
FOOS 
FO06 
FOQO8 
FOO9 
FOOA 
FOOB 
FOOC 
FOOD 
FOOE 
FOOF 
FQ10 
FO11 
FQ12 
ROIS 
FO16 
FOL? 
FOS 
FO1D 
FQ20 
FOZS 
FO24 
FO26 
FQ29 
FOQ2C 
FOQ2D 
FO2F 
FOSZ2 


86 
axe 
GF 
oF 
DD 
18 


18 
59 


18 
OS 


59 
49 
OD 


79 
25 
25 
[ce 
7A 
18 
26 
7? 
76 
5? 
BES 
7A 
20 


16-BIT SQUARE ROOT 


0002 A 
0001 A 


FOOO 
08 
82 


DryD 


80 A 


0081 A 
0080 A 
80 A 
10 FO2D 
0081 A 
0082 A 


ES: FOO? 
0080 A 
0081 A 


80 A 
0081 A 
EC F020 


~ MCU/MPU HD6301/HD6303 FAMILY 


HE DIK DIK DK DIK DC 3K DIK DIC DK DIK DIC DIK DK 24 DICK IK OK DIK DIC 3K IC IC DC DIK DIC 3 COC 2 DIK 9K DIC DC 0K IC 2K 3K 2H IK 3G IC OK 0K 2K 2 


* 


* NAME: 


* 


16-BIT SQUARE ROOT 


* 


(SORT) * 
*K 


PE DK DIK DK OIG DK DIK DI DK HC OC DC DC 24K DIK 0K 4K DIC DIK OC DIK DIK IC DIK 34 OIC DIC OK OK IK DC 3K 3K CK KC DK DIK DIK DIC DIK DK IK 2K 0 216 0K 0K 


* 


* ENTRY 
* RETURNS 


* 


IX 


*K 
(16-BIT BINARY DATA) * 


SANS CSQUARE ROOT) * 


* 


DEC OK HCH DIK OC IC IC HCE CHC OI CC OC CHC OC DC DIC OC ICC IC OC DC OIC OK I OC OC OIC DIC DK KC 9K 2G 2K CIC OIC 2K KCK 2K 2K 


* 


ORG $80 
* 
SANS RMB 2 
SCNTR RMB i 
* 
ORG $FOO0 
*« 
SORT EQU * 
LDAA #8 
STAA  SCNTR 
CLRA 
CLRB 
STD SANS 
XGDX 
SQRT1 ASLD 
XGDX 
ROLB 
ROLA 
XGDX 
ASLD 
XGDX 
ROLB 
ROLA 
SEC 
ROL SANS+1 
ROL SANS 
SUBD SANS 
BCS SORT3 
INC SANS+1 
SORT2 DEC SCNTR 
XGDX 
BNE SORT] 
SQRT4 ASR SANS 
ROR SANS+1 
RTS 
SORTS ADDD SANS 
DEC —§ SANS+1 
BRA SORT2 
© HITACHI 


Square root 
Shift Counter 


Entry point 
Set shift counter 


Clear ACCD 


Clear square root area (SANS) 
0 -> IX . DATA->ACCD 

Rotate upper 2bits of data- 
-to Lower 2bits of ACCD 


Set LSB of SANS 


ACCD - SANS -> ACCD 

Branch if minus 

SANS + 1 -> SANS 

Decrement shift counter 

ACCD <-> IX 

Loop until shift counter = 0 
Halve SANS: SANS+1 


Add again 
SANS - 1 -> SANS 
Branch SQRT2 


19. CONVERTING 2~BYTE HEXADECI- | wcy/mpu HD6301/HD6303 FAMILY |LABEL | HEX 
MALS INTO 5-DIGIT BCD 
FUNCTION 


(a) Converts 2-byte hexadecimal number in RAM into 5~digit BCD number and stores 























result in RAM. 





(b) Utilizes unsigned integers in arguments. 


ARGUMENTS REGISTERS AND FLACS SPEC IF ICATIONS 


@ : Not affected ROM (Bytes) 
Undefined = |[ 32 


{ : Result RAM (Bytes) 


1 
































Contents 


: 
Argu- 
ments 
Re- 
turns 


DESCRIPTION 


Storage Byte 
Location | Lgth. 

























ACCD 
sigte. IPs ACCA | AccB | || Stack (Bytes) 
decimal 
of cycles 
number 


1184 


3 
O. 
Relocation 
es 
D 






Interrupt 


N 
N 
N 
¥. 


Stack (Bytes) 


(1) Function Details 


DECD 4 
(RAM) 
b15 b 


a) Argument details HEXD( RAM) 

eee Denery [EBM [elope re 
HEXD : Holds 2~byte hexadecimal number argument HEXD HEXD+1 
(RAM) 





© 


+—— 


to be converted into BCD number. 


b19 bO 

DECD : Holds 5-digit BCD number. DECD 
a @recurn {PER 
argument DECD DECD+1 DECD+2 


(b) Fig. 1 shows example of HEX execution. 
If entry argument is as shown in part @) Fig. 1 Example of HEX execution 

of Fig. 1, 5-digit BCD number, in this case 

'52734"' is held in DECD (RAM) (see part 


@Q)of Fig. 1). 


SPECIFICATIONS NOTES 


HITACHI 
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MALS INTO 5~-DIGIT 


DESCRIPTION 


(2) User Notes 
"QO" is always stored in MS (the 6th digit) of return argument. 


(3) RAM Description 


Label 


HEXD 


DECD 


re | MCU/MPU HD6301/HD6303 FAMILY | LABEL 


RAM , Description 
b7 b0O 
Upper byte 
Lower byte 2-byte hexadecimal number is stored. 


Upper byte 


5-digit BCD number is stored. 


Lower byte 





(4) Sample Application 


Subroutine HEX is called after 2-byte hexadecimal number is held. 


WORK 1 


WORK2 


RMB 


RMB 


PSHA 
PSHB 
PSHX 
~ LDD 
STD 


JSR 


LDD 

STD 

LDAA 
STAA 
PULX 
PULB 
PULA 


Ze 2 aes Reserves memory byte for 2-byte 
hexadecimal number. 
3 _ Sees Reserves memory byte for 5-digit BCD 


number. 


Saves register contents that will be 


destroyed by HEX execution. 


WORK 1 Stores 2-byte hexadecimal number into 
HEXD | entry argument (HEXD). 
HEX pers Calls subroutine HEX. 
DECD 
WORK 2 Stores 5-digit BCD number (return 
DECD+2 f argument (DECD)) in RAM. 
WORK 242 
—---- Restores register. 
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CONVERTING 2-BYTE HEXADECI- 
a INTO 5-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL oe 


|DESCRIPTION =i 
(5) Basic Operation 


(a) 4-bit binary (ABCD) construction is shown in Fig. 2 (Formula 1, Formula 2). 


ABCD=AX239+BX 227+CX 2!4+ Dx 29 rome rean (Formula 1) 
an nee aes 
! 
a 
| 


Pear ae ee a Sa (Formula 2) 
fe 

eee ee ee ne 

! A 


ve a a ene Se eC | 
r 


Fig. 2 4-bit binary (ABCD) 


(b) 2-byte hexadecimal number can be converted into 5-digit BCD number by 
calculating (Formula 2). 
First, calculate a=(A X 2)+B, and adjust result into decimal. Next, the 
same ealeulation is done for B=(a x2)+C, and y=(8 xX 2)+D, both of which 


are adjusted into decimal. 


(c) HEX uses HEXD (RAM) and DECD (RAM) for a=(A X 2)+B 
(i) Shifts 2-byte hexadecimal number (HEXD) 1 bit left and rotates MSB to 
bit C. | 
(ii) Loads 5-digit BCD number (DECD) into ACCA and calculates 
(ACCA) + (DECD)+ (bit C) > (ACCA), where a=(A x 2) + B is executed. 
(iii) Adjust result into decimal and stores result in DECD (RAM) . 
(iv) Loops (i) to (iii) 16 times to convert 2-byte hexadecimal number into 


5-digit BCD number. 
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TO eRe ecrIe Bap | MCU/MPU | HD6301/HD6303 FAMILY | LABEL 


FLOWCHART 


794 


HEX 
0—DECD: DECD+1: —— 
DECD+2 
16 + ACCB --- 


HEX1 
Shift (HEXD+1) 
1 bit left 


Rotate (HEXD) 
1 bit left 


Clears RAM where BCD number is stored. 


Loads number of shifts into loop counter. 










Shifts and rotates 2-byte hexadecimal 
number and sets MSB of 2-byte hexadecimal 


number to bit C. 


Loads "3" into IX. IX is inner loop 


8 > Ix counter. 


| 
Se SS 5 ge, pe a, 


Doubles RAM where BCD number is stored 


( DECD-1+Ix and adds MSB of hexadecimal to number 


+(DECD-1+Ix) 


+(bit C)—> ACCA result. 


Decimal 
adjust (ACCA) 


( ACCA) 
— (DECD-1+1X) 


Adjusts result into decimal and stores 


result in RAM where BCD number is stored. 










Decrements inner loop counter. 


Tests if all RAM where BCD number is 
stored, are converted or not. 


: 


(1X)=0 
(ACCB)—1—ACCB a 


(ACCB)=0 


Decrements loop counter. 


ACCB)#0 
: ) Tests if shift is completed or not. 


sa 


RTS 
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CONVERTING 2-BYTE HEXADECI- 
aes INTO 5-DIGIT BCD MCU /MPU HD6301/HD6303 FAMILY | LABEL pe 


| PROGRAM LISTING LISTING 





00001 ROR OKOK ORO OOK IK OIOKOKOIOKOIOKOK OKO OROK KOKO OK IKK OK KOK OK KKK KK KK HOH HOOK 2K 24 2K 2k 2K IOKOK OK 
00002 ok * 
00003 * NAME CONVERTING 2-BYTE HEXADECIMALS INTO * 
00004 * S-DIGIT BCD CHEX) * 
Og00S * > 
00006 OOK OK OOOO OOK OOK OOO IORI OOO OOK ORO IKK IK IOK IOI HOK IK 
00007 * * 
00008 ENTRY HEXD ¢€2-BYTE HEXADECIMAL) * 
00009 > RETURNS DECD ¢S-DIGIT BCD) * 
00010 a > 
00011 OOOO OOK OOK OO OIC IOR IO IORI OK ORK OOK OK I KOK KOK KK KOK IK 
00012 
00013 * 
00014A 0080 ORG $80 
00015 > 
00016A 0080 0002 A HEXD RMB 2 2-byte hexadecimal 
00017A 0082 0003 A DECD RMB 3 S-digit BCD 
00018 * 
00019A FOOO ORG SFOOO 
00020 * 
00021 FOOO A HEX EQU * Entry point 
00022A FOOO 4F CLRA Clear ACCA 
00023A FOO] SF CLRB Clear ACCB 
00024A FOQO2 OD 82 A STO DECD Clear S-digit BCD area 
O002S5A F004 97 84 A STAA DECD+2 
O0026A FO06 Cé 10 A LDAB #16 Set shift counter 
O00027A FOO8 78 0081 A HEX2 ASL HEXD+1 Shift MSB of HEXD to carry 
00028A FOOB 79 QO80 A ROL HE XD 
O0029A FOOE CE 0003 A LDX 43 Set ADDR pointer Caddition counter) 
O0030A FOI] A6 Bl A HEX] LDAA DECD-1,.X DECD * 2 + C -> ACCA 
00031A FO13 AS Bl A ADCA DECD-1.X 
00032A FO1S 19 DAA Convert into BCD 
O00033A F016 A? 81 A STAA DECD-1,X Store S-digit BCD area 
O00034A FQO18 O09 DEX Decrement ADDR pointer 
O003SA F019 26 F6 F011 BNE HEX1 Loop until ADDR pointer = 0 
00036A FO1B SA DECB Decrement shift counter 
OOO037A FOIC 26 EA F008 BNE HEX2 Loop until shift counter = 0 
OO0038A FOIE 39 RTS 
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20. CONVERTING 5-DIGIT BCD INTO 
Say Te PAD Ee MALS MCU /MPU HD6301/HD6303 FAMILY | LABEL 


FUNCTION | 


(a) Converts 5-digit BCD number in RAM into 2-byte hexadecimal number and stores 








result in RAM. 


(b) Utilizes insigned integers in arguments. 


ARGUMENTS REGISTERS AND FLACS SPECIFICATIONS 


ROM (Bytes) 
Storage Byte 


RAM (Bytes) 
f 5-digit DEC 3 
ntry! number (RAM) 
Argu- 
ments 
Re- D 
turns 


DESCRIPTION 


Stack (Bytes) 
(1) Function Details 


































@ : Not affected 
X : Undefined 


| : Result 


a 





















No. of cycles 
No 


0 
1 






Relocation 


No 


Interrupt 


Yes 





2-byte 
hexa- 

decimal 
number 


HDATA 
(RAM) 










V 

x 

: : 

x 
me 


x 
x 
C 
x 
Z 
x 
I 


IX 
ee 
aol 
cow ss 
Lata 
ae 
ss 








(a) Argument details 


pec ><] 5 | 

DEC : Holds 5-digit BCD number to be ( Entry DEC+1 

( ) converted into hexadecimal. argument BRO? 
(decimal 352734) 


HDATA: Holds 2-byte hexadecimal number. 


(RAM) 
15 b0 


i 


(b) Fig. 1 shows example of BCD execu- (2) Return { (hexadecimal ; cop 
argument CClMma. 5 MDATA DATA +1 
tion. If entry argument is as shown in $CDFE ) 
part (@Q)of Fig. 1, 2-byte hexadecimal Fig. 1 Example of BCD execution 


number is stored in HDATA (RAM) 
as part (2) of Fig. 1 shows. 






SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


convert 59999 into hexadecimal. 
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20. CONVERTING 5-DIGIT BCD INTO ; 
o-BYTE HEXADECIMALS MCU /MPU HD6301/HD6303 FAMILY | LABEL 
DESCRIPTION | 


(2) User Notes 


(a) Setting 5-digit BCD number greater than 65536 will yield in correct result. 
(b) Entry argument should be held as BCD number, otherwise result will not be 


correct. 


(3) RAM Description 


Label Description 





DEC 
5-digit BCD number is stored. 
(MAX : 65535) 
HDATA Upper byte 
2-byte hexadecimal number is stored. 
Lower byte 
BCNTR } Counter counting up to 5 is saved. 


(4) Sample Application 
Subroutine BCD is called after 5-digit BCD number is held. 


WORK 1 RMB SS Sete Reserves memory byte for 5-digit BCD, 
number. 
WORK 2 RMB Bo 8° See Reserves memory byte for 2-byte 


hexadecimal number. 


PSHA 
PSHRti(‘<‘é OC Saves register contents that will be 
destroyed by BCD execution. 
PSHX 
LDD WORK 1 
STD DEC | Stores 5-digit BCD number into entry 
LDAA WORK 1+2 argument (DEC). 
STAA DEC+2 
JSR BCD --~-- Calls subroutine BCD. 
noe HDATA fe Stores 2-byte hexadecimal number 
STD WORK 2 (return argument (HDATA)) in RAM. 
 PULX 
PULB |) }$=crr7 Restores register. 
PULA 
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CONVERTING 5-DIGIT BCD INTO 
FAMILY | LABEL CD 
.-BYTE HEXADECIMALS MCU /MPU HD6301/HD6303 ILY 


DESCRIPTION 
(5) Basic Operation 


(a) Subroutine BCD consists of 2 operations; one is to fetch 5-digit BCD, digit 
by digit as shown in Fig. 2, the other is to convert fetched data into 


hexadecimal by 4 bits units. 


Label RAM 
Upper Lower 

— Counter=5 4 bits 4 bits 

DEC <i 
=2, 1 
eeeen Counter; Even Counter ;O0dd 
| Shift ACCB ACCBA$OF 

(Note) In case of right 4 bits —» ACCB 

input data= 52734 


ERER SE EReS 


Fig. 2 Dividing 1 byte of RAM data into two parts 


(b) Fetching (see Fig. 2) 
(i) IX is used to indicate memory address of input 5-digit BCD number. 

Stores "5" in counter to convert 5 digits. 

(ii) Loads input data into ACCB in order from MSB using index addressing mode 
and select upper or lower 4 bits. 

(iii) Decrements counter every time one digit is loaded into ACCA. 

(iv) Loops (ii) to (iii) until counter is "0". 

(v) During (ii) and (iii), CPU checks whether counter is an even or an odd 

number. | | 
If odd, AND ACCB to $0F and fetch lower 4 bits. If even, shift ACCB 
4 bits right and fetch upper 4 bits. 
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20. CONVERTING 5-DIGIT BCD INTO 
O-BYTE HEXADECIMALS MCU /MPU HD6301/HD6303 FAMILY | LABEL 


DESCRIPTION 


(c) Converting BCD number into hexadecimal 


(i) 4-digit BCD construction is shown in Fig. 3 (Formula 1), (Formula 2). 


ABCD = A x 103 +B x 102 +c x 10! + D x 10° ---- (Formula 1) 
= [{(@ x 10) + Bix 10 + c}x 10 +D ---- (Formula 2) 
| | | ! 
1 } 1 | 
ee 
|_— 
! 3 
- 


Fig. 3 4-digit BCD (ABCD) 


(ii) 5-digit BCD number can be converted into hexadecimal as follows. 
First, calculate @=(A xX 10)+B to determine in Fig. 3 (Formula 2). 
Then calculate B=(a X 10)+C and 7y=(f* 10)+D to determine. 
(iii) Calculation of A X 10 is shown in (Formula 3), (formula 4); 
AX 10=A* (2 + 8) ----------------------- (Formula 3) 
A xX 2(1 + 27) ------------+---------- (Formula 4) 


(iv) When calculating (Formula 4), BCD subroutine uses HDATA:H ATAt+t1 (RA). 
That is, store A in ACCD (Formula 4), shift A left 1 bit and store 
result in HDATA:HDATAt+1l. Next, shift ACCD left 2 bits and add ACCD 
to HDATA:HDATA+1 to determine A X 10. 


(d) Loops (b) and (c) 5 times to complete conversion of 5-digit BCD number 


into 16-bit binary number. 
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FLOWCHART 


20. CONVERTING 5-DIGIT BCD INTO : 


a 
=) 


DEC IX 


BCD4 


(IX) —> ACCA 
Shift (ACCA) 
4 bit right 


(ACCB)A$0F—-ACCB 


(IX) +~ ACCB 


BCD2 


0 - ACCA 





-~ BCNTR 


eX Gomrm 3> 
Continued on 


next page (BCNTR) =0 


CACCD )+-CHDATA: HDATA+1 ) 
—HDATA: HDATA+ 1 


| (BCNTR)—1 


Loads start address of RAM where 
5-digit BCD number is stored, into IX. 


Stores '5'"' in digit counter to fetch 


5-digit BCD number digit by digit. 


Clears RAM where 2-byte hexadecimal 


number is stored. 


Tests if upper 4 bits or lower 4 bits 
in l-byte BCD are to be converted. 
O,BCNTR=0 : upper 4 bits 
0,BCNTR=1 lower 4 bits 


Fetches upper 4 bits from RAM 
where 5-digit BCD number is stored. 


Fetches lower 4 bits from RAM 


where 5-digit BCD number is stored. 


Adds one digit of 5-digit BCD number to 
HDATA:HDATA+1 where 2-byte hexadecimal 
number is stored. In (Formula 2) of '"(5) 
Basic Operation", A, B, C, or D is 

added to HDATA:HDATA+1. 


Decrements digit counter. 


Tests if 5-digit BCD number conversion 
is completed or not. 
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20. CONVERTING 5-DIGIT BCD 
SWE aEeEC eC ee HD6301/HD6303 FAMILY |LABEL | BCD 


FLOWCHART 


BCD5 
0,BCNTR=1 ; ° 
0,BCNTR=0 -— Tests if lower 4 bits of l-byte BCD 
number is converted or not. 
0, BCNTR=0 
(IX)+1->1X ____| Increments RAM address where BCD number 
is stored. 


BCD3 


(ACCD)—HDATA: HDATA+1 


Shift (ACCD) 
2 bits left 


Multiples doubled HDATA:HDATA+1 by 4. 


Adds doubled HDATA:HDATA+1 to 8 times 
multiplied one and stores result in 
HDATA:HDTA+1. As a result, HDATA:HDATA+1 
is multiplied by ten. 


(ACCD)+CHDATA :HDATA+1 ) 
—HDATA: HDATA+1 


CHDATA:HDATA+1 ) -ACCD 
Shift (ACCD) ee Doubles HDATA:HDATA+t1. Product is 
1 bits left stored in HDATA:HDATA+1. 





Continued on previous page 
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CONVERTING 5-DIGIT BCD INTO 
7- Sane HEXADEC IMALS MCU /MPU HD6 301 /HD6303 FAMILY | LABEL i 


| PROGRAM LISTING | LISTING 


802 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013A 
00014 
0001S5A 
00016A 
00017A 
00018 
00019A 
00020 
00021 
00022A 
00023A 
00024A 
0002S5A 
00026A 
00027A 
00028A 
00029A 
O0030A 
00031A 
00032A 
000334 
00034A 
00035A 
00036A 
00037A 
00038A 
000398 
00040A 
OO041A 
000424 
00043A 
00044A 
0004SA 
O00046A 
00047A 
00048A 
00049A 
OOOSOA 
OOOS1A 
000S2A 
00053A 


0080 | 


0080 
0083 
0085 


FOOO 


FOOO 
FOQOS 
FOOS 
FOO? 
FOOA 
FOOD 
FQ10 
FOLZ 
FOQ14 
FQ16 
FOL? 
FOQ19 
FOIB 
FOLE 
FO20 
FQ21 
FO23 


FQ24 


FO2S 
FO26 
FO27 
FO29 
FO2C 
FO2E 
FO2F 
FO31 
FOS2 
FQ34 
FO35 
FQ36 
FO38 
FOQ3A 


0003 
0002 
0001 


DrDY 


FOOO 
0080 
QS 

85 
0083 
0084 
01°85 
OF FO2] 


DDRrrrryp 


OF 


es 

83 
0085 
09 "FOZ 


D oDPD Dd DD 


00 
ED FO164 


Q1 FO2F 


83 A 


83 A 
83 A 
D1: FOOD 


DHE DK KCK DC IK 2K KC KK DI EC DIK IC CIC CK ICCC KECK DK IC ECE KECK DECK CEC OIC KC KKK OK 


»* 


* NAME 


* 
* 


27 OLre 


ba 


CONVERTING: ‘S-O2G1T -BCD: INTO * 
HEXADECIMALS 


(BCD) * 
*K 


DH HC DIC KCK KK CK 2K 2K OK KK 2K DIC KECK CICK CIC IC CK IC IC OK CK DK 2K CK 2K KK EC OK 


* 
* : 
* 
* 


ENTRY 
RETURNS 


DEC 


* 
(S-DIGIT BCD) * 


HDATA ¢2-BYTE HEXADECIMALS > * 


* 


DKK HC IC DK DK IK CK CCK DK IK DICK DK 3K 2K 2K 2K 2 KK IC CCK DIC IKK 2 EC IC 2 IC 2K IK IC DIK EC IK KK KK IK OK 


* 


* 

DEC 
HDATA 
BCNTR 


BCD 


BCD] 


BEDZ 


BCD4 


BCDS 


BCD3 


ORG $80 
RMB 3 S-digit BCD 
RMB Zz 2-byte Hexadecimals 
RMB 1 Digit counter 
ORG $FOO0O 
EQU »K Entry point. 
LDX HDEC Load BCD data ADDR 
LDAA #5 Set figure counter — 
STAA BCNTR 
CER HDATA Clear Hex area 
CER HDATA+1 
BES! O0,.BCNTR Test bitO of BCNTR 
BEQ BCD4 Branch if bitQ = 0 
LDAB OVX” Set Lower 4 bits of BCD data 
ANDB #SOF 
CLRA Clear ACCA for work use 
ADDD HDATA ACCD + HDATA:HDATA+1 -> HDATA:HDA 
SID HDATA | | 
DEC -BCNTR Decrement digit counter 
BNE BCDS Loop until figure counter = 0 
RTS 
LDAB OK Set upper 4 bits of BCD data 
LSRB 
LSRB 
LSRB 
LSRB 
BRA BCD2 Branch BCD2 
BTST O0,BCNTR Test bitO of BCNTR 
BNE COS Branch if bitO = 1 
INX Increment BCD data ADDR 
LDD HDATA HDATA:HDATAt+1] * 2 -> ACCD 
ASLD 
STD HDATA ACCD -> HDATA:HDATA+I 
ASLD HDATA:HDATA+1 * 4 -> ACCD 
ASLD 
ADDD HDATA ACCD + HDATA:HDATA+1 -> ACCD 
STD HDATA ACCD -> HDATA:HDATAt+1 
BRA BCD1 Branch BCD1 
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21. SORTING MCU /MPU HD6301/HD6303 FAMILY | LABEL SORT 


FUNCTION 


(a) Sorts unsigned byte oriented data in RAM in descending order. 





(b) Permits number of bytes to be sorted to be freely selected. 


(c) Utilizes unsigned integers in arguments. 


CHANGES IN CPU 
ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@ : Not affected ROM (Bytes) 
| contents pore oe BYES x : Undefined 
| concent | Sonn Leth. 
: Result RAM (Bytes) 
bytes FO) ACCA 1 ACCA | ACCB Stack eS 


reais Se ee 
ee IX a | 
ee | eae 
sorted 

ps 


Interrupt 


DESCRIPTION 
(1) Function Sepatis 


(a) Argument details 


y . 
ACCA: Holds number of bytes to be Starting address 
of data to be**°°* 


sorted; (No. of bytes to be sorted sorted (IX) 





- 1) in l-byte hexadecimal number. 
IX : Holds starting address of data 
to be sorted in l-byte hexadecimal 


number. 


@) Result 


Fig. 1 Example of SORT execution 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


sort 5-byte ascending data to descending. 


© HITACHI 
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SORTING Mou/weu | HD6301/HD6303 FAMILY 


DESCRIPTION, 


(b) Fig. 1 shows example of SORT execution. If entry arguments are as shown 
in part @) of Fig. 1, sorted data is stored fromaddress $90 in descending 
order (see part (@) of Fig. 1). 
As data to be sorted is 5-byte, $04 (No. of bytes to be sorted ($05) - 1) is 
held in ACCA. 


(2) User Notes 
When loading number of bytes to be sorted, hold ‘‘No. of bytes to be sorted 


- 1”’ to ACCA for effective loop processing. 


(3) RAM Description 


Label RAM Description 
b/ _ bO 
SCNT 1 } Counter showing how many bytes remain to 
be sorted is stored. 
SCNT 2 } Counter showing how many bytes remain to 


‘be compared is stored. 


(4) Sample Application 
Subroutine SORT is called after starting address and number of bytes to be 


sorted are held. 


WORK1 RMB | ica Reserves memory byte for number of 
bytes to be sorted. 
WORK 2 RMB 2 «Sees Reserves memory byte for starting 


address to be sorted. 


LDAA WORKL --7-7-7 Loads number of bytes to be sorted into 
entry argument (ACCA). 
LDX WORK2 ----- Loads starting address of data to be 
sorted into entry argument (IX). 
JSR SORT ----- Calls subroutine SORT. 
| 
I 
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SORTING MCU /MPU HD6301/HD6303 FAMILY | LABEL SORT 


|DESCRIPTION = 
(5) Basic Operation 


(a) Fig. 2 shows how 3-byte values are sorted in descending order. 


n=3 


o ono 

First 5 Sl a aecemecat q@) 

SoMpars son 10 5 Bo tee eee Q) (Note) 

times bese xf 

(n-1=2) 1 0 5 oo 3) =~, ows 
comparison 

Second eee. : 

comparison: ne ><, tereeneee @ a na : 

times 10 8 | aweeacaes 6) a exchange 

(n=2=1) 


Fig. 2 Example of sorting 


(i) Finds largest value among three and puts it into left position. 


(See Fig. 2 ®Q@® and (3)) 


(ii) Compares middle and right values and puts larger one in middle. 


(See Fig. 2 @, ©) 


(6) Program Processing 


(i) Uses IX as two pointers; one shows memory address where data is stored, 
the other shows memory address where the largest data after comparison 
is stored. 

(ii) First, uses IX as pointer showing memory address where data is stored. 
(iii) Loads this data into ACCA to be compared. Increments address where data 
is stored using index addressing mode and compare new value with value 
in ACCA. | 
(iv) If value is larger than compared value in ACCA, exchange them. 

(v) Loop (iii) to (iv) untill counter SCNT2 (RAM), showing number of 

remaining bytes, reaches "0". 
(vi) When SCNT 2 (RAM) reaches "0", the largest data compared with RAM is 
loaded into ACCA. 
(vii) Then use IX as pointer to indicate where the largest data will be stored. 
(viii) Stores contents of ACCA in address IX points, and load next address, at 
which the second largest data is to be stored, into IX. 
(ix) Decrements counter SCNT1 (RAM) showing how many bytes remain to be 
sorted. 


(x) Loops (ii) to (ix) untill SCNT1 (RAM) is "0". 
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805 





21. SORTING MCU /MPU HD6301/HD6303 FAMILY |LABEL | SORT 


FLOWCHART 


SORT 


SORT | 
(ACCA)—~SCNT1 =} Stores number of bytes to be sorted in 
(2 ) SCNT1. 
SORT1 | 
: d : 
(ACCA) >SCNT2 ____ | Stores number of bytes to be sorted in 
SCNT2. 
Saves starting address of data to be 
US oa 
ce ucie 1 sorted in RAM. 


ds the first data to b rted into 
(1X) > ACCA eed ill a. e first data to be so 


SORT 2 


(IX)+1—-I1X 2s = 


(ACCA)=( TX) Compare contents of ACCA with value of 
“~~~ data pointed by IX. 


(ACCA)<( IX) 


(IX) —- ACCB | 










Increments address pointer. 


Exchanges data in ACCA with that 


CACCA)>(CIX) a aa 


SORTS 


( SCNT2) —1-SCNT2 LSS 


Tests if all comparisons are 
completed. | 


(SCNT2 )=0 


Continued on next page 


pointed by IX. 


Decrements number of bytes to be 


compared. 


(SCNT2 ) +0 


HITACHI 
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FLOWCHART 


21. SORTING MCU /MPU HD6301/HD6303 FAMILY 


PULL IX : 
Stores the largest data in RAM in 


(ACCA)>CIX) descending order. 


Indicates address where the second 
(IX)+1-I1X ae 

largest number will be stored. 
Decrements counter indicating number 
of bytes remaining to be stored. 


Loads number of bytes remaining to 
(SCNT1)—ACCA] ~~~ 


be compared. 


(2 Acca 


Continued on 
previous page (ACCA) =0 


Tests if all data is sorted. 


| 
! 
(SCNT1)-198CNT1 —--| 
! 
| 


RTS 
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21s 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013A 
00014 
000158 
O0016A 
00017 
00018A 
00019 
00020 
00021A 
00022A 
00023A 
00024A 
0002S5A 
00026A 
00027A 
00028A 
00029A 
OO030A 
000314 
00032A 
00033A 
000344 
OOO035A 
O0036A 
00037A 
00038A 
000398 
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SORTING 


PROGRAM LISTING 


0080 


0080 
0081 


FOOO 


FOQOO 
FOO2 
FO04 
FOOS 
FOO? 
FOO8 
FOOA 
FOOC 
FOOE 
FO10 
FQO1l1 
FO14 
FQ16 
FO1? 
FOL? 
FO1A 
FO1D 
FOF 
FQ2] 







0001 A 
0001 A 
FOOO A 
80 A 
81 A 
00 A 
00 A 
05 F011 
00 A 
00 A 
0081 A 
F1 FOO? 
00 A 
0080 A 
80 A 
El FOO2 


OROK ROK OOK OKO OK OK I KI KOK IOKOKOK KK KOKO IOC DICK CK KC I 0K DK ICICI I 2 C2 2 2G CK IC 2K OK KCK OIRO OK 2K OC IC OK 


* * 
* NAME SORTING CSORT) * 
*K * 
DKK OK DICK CK IC KICK IC IK KE CC CCK KIC KK KIC CK CCC IK KK IC IK KK 3K DC IKK 3K 3K 3K ICCC IC KK OK IKK 
a - * 
* ENTRY ACCA CVOLUME OF SORTING DATA) * 
»* IX CTOP ADDR OF SORTING DATAS) * 
* RETURNS NOTHING * 
* * 
DK DIK KC IK CIC IC IC CK ICC ICDC KICK EC HCCC ECC CK DIC EC KK CCC CCK KC CIC IK CK CC KK KK IC IK OK IC IK KK IC DK KK 
o 

ORG $80 
* 
SCNT1 RMB 1 Counter for sorting data 
SCNT2 RMB 1 Counter for comparing data 
*K : ; 

ORG SFOOO 
* 
SORT EQU * Entry point 

STAA . SCNT1 Store reste of sorting data 
SORT1 STAA SCNT2 Store reste of comparing data 

PSHX |. Push sorting data ADDR 

LDAA O.X ‘Load sorting data 
SORT2 INX Set next sorting data ADDR 

CMPA 0O.X Compare comparing data with sorting data 

BCC SORT3 Branch if comparing data > sorting data 

LDAB O.X Exchange each data 

STAA 0.X 

TBA Transfer exchanged data 
SORTS. \DEC SCNT2 Decrement comparing data counter 

BNE SORT2 Loop until comparing data counter = Q 

PULX Pull sorting data ADDR 

STAA 0.X Store max data 

INX Increment sorting data ADDR 

DEC SCNT1 Decrement soting data counter 

LDAA SCNT 1 Loop until sorting data counter = Q 

BNE SORT1 

RTS 
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HD6301/HD6303 SERIES HANDBOOK 


Section Eight 


Hardware 


Application Notes 
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FOREWORD 


The HD6301/HD6303 are CMOS 8-bit single chip microcomputers controlled by 
microprogramming. The HD6301/HD6303 provide 8-bit parallel handshake 
interfacing, pipeline control, halt and memory-ready functions for various kinds 
of data processing. | | 


APPLICATION NOTES are written to help users design hardware systems using 
examples of simple application functions with circuit diagrams, timing charts 
and program examples. 


Application examples in APPLICATION NOTES used in actual systems should 


be tested for proper operation. 


© HITACHI 
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NOTE 


The following hardware application notes were prepared for HD6301Y0/HD6303Y 
devices. The applications, however, are generic in nature and also apply to 
HD6301V1/HD6303R and HD6301X0/HD6303X devices. 
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l. Symbols 


Symbols and abbreviations used in APPLICATION NOTES are described below. 


1.1 Operation 


( ) © Contents 
()) = Index addressing 


a*b = Data transfer from a to 


+ = Addition 
- = Subtraction 
x = Multiplication 
/ = Division 
A = AND 
= OR 


Exclusive OR 


xt @ < 


NOT 


1.2 Register Symbols in MCU/MPU 


ACCA Accumulator A 


ACCB = Accumulator B 


ACCD = Double accumulator (ACCA : ACCB) 
CCR = Condition code register 

I X = 8-bit, 16-bit index register 
IXH = Upper 8 bits of index register 
IXL = Lower 8 bits of index register. 


1.3 Description of bits 0 through 5 of condition code register 





C = Carry or borrow bit 0 

V = Overflow in 2's complement operation bit l 

Z = Zero bit 2 

N = Negative bit 3 

I = Interrupt mask | bit 4 

H = Half carry bit 5 
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1.4 


816 


Others 


Vv *K 


IV OA 


A 


we 
w 


Equal sign 

Not-equal sign 

Greater than 

Less than 

Greater than or equal 

Less than or equal 

Delineates ASCII characters 
Hexadecimal data 

Labels of successive addresses 
Serial communication interface 
Data direction register 

Free running counter 

Output compare register 1 
Output compare: register 2 

Input capture register 

Timer control/status register 1 
Timer control/status register 2 
Timer control/status register 3 
Transfer rate/mode control register 
Tx/Rx contwol status register 
Receive data register 

Transmit data register 
RAM/port 5 control register 
Time constant register 


Timer 2 up counter 
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2. Application Example Configuration 


This chapter explains the configuration of each system application example 


following this chapter. 


Each application example in APPLICATION NOTES is divided into 5 sections, 


as shown in figure l. 


lst SECTION» HARDWARE DESCRIPTION FUNCTION 
(HARDWARE) MICROCOMPUTER 
OPERATION 
PERIPHRAL DEVICES 
CIRCUIT DIAGRAM 
PIN FUNCTIONS 


a a eet ee Ie ee ee 


2nd SECTION ————»! SOFTWARE DESCRIPTION PROGRAM MODULE 
( SOFTWARE) | CONFIGURATION 
PROGRAM MODULE 
: FUNCTIONS 
| PROGRAM MODULE PROCESS 
| FLOW (Main Program) 
3rd SECTION ————— PROGRAM MODULE FUNCTION 
(PROGRAM MODULE) DESCRIPTION ARGUMENTS 
CHARGES IN CPU 
REGISTERS AND FLAGS 
SPECIFICATIONS 
DESCRIPTION Function 
Details 


NOTES RAM 
Allocation 
FLOWCHART Sample 
Application 
Basic 


| 
| 
| 
| 
| 
| 
: SPECIFICATIONS User Notes 
| 
| 
| 
| 
| Operation 


FUNCTION 

BASIC OPERATION 

PROGRAM MODULES USING 
THIS SUBROUTINE 

FLOWCHART 


5th SECTION —————*! PROGRAM LISTING MAIN PROGRAM LISTING 
(PRQGRAM LISTING) PROGRAM MODULE 
LISTING 


| 
| SUBROUTINE LISTING 





Figure 1. Application Example Configuration 
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(1) 


(2) 


(3) 


(4) 


(5) 


lst Section (Hardware) 


Describes functions, circuit diagram, hardware operation for each hardware 
application example and making specific use of HD6301Y0/HD6303Y's 


characteristic functions. 


2nd Section (Software) 


Describes program module configuration which controls hardware application 
example explained in the lst Section. Also shows main program of sample 


application. 


3rd Section (Program Module) 


Describes program modules except main program, presented in the 2nd 
Section, in detail. Each program module is described in the same format 


so that users can use them independently. 


4th Section (Subroutine) 


Describes subroutine used by each program module. When using program 
modules explained in the 3rd Section, refer to these subroutines, if 


necessary. 


5th Section (Program Listing) 


Provides program listings for sample application explained in the lst 


section. 


A detailed explanation of all five sections follows. 


818 
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3. 1st Section (Hardware) 


3.1 Function 


Describes system specifications for the hardware used ina particular 


application. 


Example: 


1.1.1 Function 


Initializes graphic mode and displays dot graphics on the LM200 liquid 
crystal module. 





3.2 Microcomputer Operation 


Describes typical functions of the microcomputer used in a particular 


application. 


Example: 


1.1.2 Microcomputer Operation 


The HD6301Y0 transfers display data to the dot matrix liquid crystal 
graphic display controller LSI HD61830 (LCTC) from port 3 onto the LCTC 
data bus (DBy V DB7), and transmits control signals E, R/W, and RS 


through port 1. Ports 1 and 3 are controlled by software. 





3.3 Peripheral Devices 


Describes typical functions of the peripheral devices used in a particular 


application. 


Example: 


Peripheral Devices 


HD61830 LCTC: Receives control signals and display data from the 
HD6301Y0 and in turn controls the HM6116 Display RAM and LM200. 


IM200 Liquid Crystal Module: Receives graphic display data and control 
signals from the HD61830 LCTC. A resolution of 64 X 240 pixels is 
provided in LM200 graphic mode. In this application, the figures 


"BIZ", meaning HITACHI, are displayed. 
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3.4 Circuit Diagram 





Describes the circuit diagram for the hardware example. 


e 


Note) All microcomputers described in APPLICATION NOTES use the plastic 


DIP type package. 


Example: 


1.1.4 Circuit Diagram 


LCTC control circuit is shown in figure 1-1. 


MC U 
HD6301Y0 LcTc 


HD61830 Liquid crystal module 


Figure 1-1. LCTC Control Circuit 
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3.5 Pin Functions 


Describes interface between microcomputer and the external circuit using 


a table. 


Example: 


Pin Functions 


Pin functions at the interface between the HD6301LYO and LCTC are shown 


in table l-l. 


Table 1-1. Pin Functions 


Pin Name 


Output 
Output 


Output 


Input /Output 
Input /Output 
Input /Output 
Input /Output 


Input /Output 


Input /Output 
Input /Output 
Input /Output 


Active Level 
(HD6301Y0) Input/Output (High or Low) Function 


High 
High 
Low 
High 
Low 


"Active Level" in the 


High : Logical 1 


Low : Logical O 


Enables signal 

Reads data 

Writes data 

Selects instruction register 
Selects data register 


Data Lines 


table indicates the following: 


_ : Logical 1 or 0 
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Pin Name Program 
(LCTC) Label 


E P1DTR 
R/W 
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3.6 Hardware Operation 





Describes hardware operation for controlling an external circuit using a 


timing chart. 


Example: 


Hardware Operation 


The timing chart for interfacing between the HD6301Y0 and each signal 
is shown in figure 1-2. @ and @) in figure 1-2 show timing for read and 


write. 


@) Data from LCTC can be read during (1) period. 


Q) Data can be written to LCTC at the falling edge of signal E. 


LCTC pin names 
RS, R/W 


DBo os DB7 
(HD6 801Y0— LCTC) 


DBo ~ DB7 
(HD6801Y0«LCTC) 


Figure 1-2. HD6301Y0«eLCTC Interface 
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4. 


2nd Section (Software) 





4.1 Program Module Configuration 


Describes program module configuration to control the hardware application 


example. Each program module is numbered. 


No. of main program is "0", 


and the other program modules are numbered from 1 to N. 


Example: 


1.2.1 Program Module Configuration 


The program module configuration for graphic display on the liquid 


crystal module is shown in figure 1-3. 


ai 
MAIN 


PROGRAM 


L2HINT L2HDCR L2HDST 


INITIALIZE DISPLAY 
LCTC DOT 


MOVE 
DISPLAY 


Figure 1-3. Program Module Configuration 





4.2 Program Module Functions 


Describes function of each program module using a table. "No." in the 


table matches "No." in the Program Module Configuration. 


Example: 


1.2.2 Program Module Functions 


Program module functions are summerized in table 1-2. 


Table 1-2. Program Module Functions 


Program Module Name Label Function 


MAIN PROGRAM L2HMN Demonstrates graphic display on LM200. 
INITIALIZE LCTC L2HINT Initializes LCTC for graphic mode. 


CLEAR DISPLAY RAM L2HDCR’ Clears display RAM to clear display. 


L2HDST Turns on and off 1 dot specified by row or 
column coordinate. 


DISPLAY DOT 


MOVE DISPLAY L2ZHMVE Moves dot display up, down, left, or right. 





© HITACHI 
823 


4.3 Program Module Process Flow (Main Program) 


Describes sample main program to execute program modules, explained in 


(1) Program Module Configuration. 


Note) Stack pointer is initialized only in the main program. 
Example: | 


1.2.3 Program Module Process Flow (Main Program) 
ee ee ee een ee Oran 


The following flowchart (figure 1-4) demonstrates the process for 
displaying graphics on the LM200 liquid crystal display, using the 


modules described above. Figure 1-5 shows this applications display. 


Main Program 






----{ Initialize stack pointer. 







$O0-ACCA 


SCO-IX 


(ACCA) -AS8F+IX) 


---4 Initialize port 1 and port 3. 






----4 Clear internal RAM. 






Execute L2HINT to initialize LCTC 
for graphic mode. 


----] Execute L2HDCR to clear display RAM. 


_.f lead starting address of the data table, 
where display data is stored, into IX. 


----[ toad display data into ACCA, 


_.fSave data table address of display 
data. 


---{ Test if display data is completed. 


----{ test if 1 dot is turned on or off. 
----{ Turn on 1 dot. 


----{ store instruction to turn off-1 dot. 


----{ Turn off 1 dot. 


___.[ Restore data table address of 
display data. 
..... Increment data table address of 


display data. 





CUX)+1--1X 


Figure 1-4, Main Program Flowchart 





Figure 1-5. Example of L2HMN Execution 
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5. 3rd Section (Program Module) 





The 3rd Section consists of the parts as shown in figure 2. 


PART 1 FUNCTION 
(SPECIFICATION) ARGUMENTS 
CHANGES IN CPU REGISTERS AND FLAGS 
SPECIFICATIONS 
SPECIFICATIONS NOTES 
PART 2 ———————————-DESCRIPTION Function Details 
(DESCRIPTION) User Notes 


RAM Allocation 

Sample Application 

Basic Operation 
PART 3 ————————- FLOWCHART 


(FLOWCHART) 
Flowchart: 
Description: 


escription: 


paras 





Changes in cpu Specifications: 
Registers and Flags: 


ACcCD 
ACCA _ACCB 


Arguments: 


Storage No. of 


Contents Location Bytes 


ROM (Bytes): 
Entry RAM (Bytes): 
Stack (Bytes): 
No. of cycles: 
Reentrant: 
Relocatable: 


Interrupt OK?: 


: Not affected 
: Undefined 
ft : Result 





Description: 


Specifications Notes: 





Figure 2. Program Module Section 
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5.1 Specification 


The Specification Part is shown in figure 3 (hod; blocked off area in 
figure 3). This part explains function, arguments, changes in CPU registers 
and flags, specifications and specifications notes. Each numbered item in 


the figure is described below. | (3) 






(1) Program Module Name: 





(4) Function: 





(5) Arguments: Changes in CPU 


Registers and Flags: 


ACCD 
ACCA ACCB 


Specifications: 


Storage No. of 


Contents Location Bytes 


ROM (Bytes): 
Entry RAM (Bytes): 
Stack (Bytes): 
No. of cycles: 
Reentrant: 


Relocatable: 


Interrupt OK?: 


: Not affected 
Undefined 
Result 





CSS = ow ae eee am cee ame ie ewe ew ee oe eee ee oe a ae oe am ow oe ow ow oe @ oa 


Description: 


1. Function Details 


2. User Notes 


1 
(8)—™ | Specifications Notes: 





Figure 3. Specification Part 
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(1) PROGRAM MODULE NAME: 


Example: 


Program Module Name: DISPLAY DOT 





(2) MCU/MPU: Indicates microcomputer and microprocessor applicable to 


the program. 


Example: 


MCU/MPU: HD6301Y0 





(3) LABEL: Indicates the name identifying program entry point. When 
using the program without modification, use this label to call the 


program. 


Example: 


Label: L2HDST 


(4) FUNCTION: Describes program function. 


Example: 


Function: 


Turns on or off 1 dot specified by row and column coordinates in entry arguments. 
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(5) ARGUMENTS: Describes entry arguments necessary to execute a program, 


and return arguments resulting from Program execution. 


(a) Contents: Describes contents of entry and return arguments. 


(b) Storage Location: Describes registers and RAM in which entry 


and return arguments are set. In case of 
RAM, the storage location is denoted by a 
label followed by "(RAM)". 


(c) No. of Bytes: Describes number of bytes for entry and return 


arguments. 


Example: 


Arguments: 


Storage 

Contents hoGat ion 

Entry Turn on/off DOTSET 
indicator (RAM) 


Dot column DTX 
coordinate (RAM) 


Dot row DTY 
coordinate (RAM) 





(6) CHANGES IN CPU REGISTERS AND FLAGS: Describes changes in CPU registers 


and flags after program execution. Symbols and abbreviations in 


the table are shown below. 


(a) CPU registers. 
ACCA: Accumulator A 
ACCB: Accumulator B 
ACCD: Double accumulator (ACCA : ACCB) 


IX : Index register 
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(b) Flags 


m HAN STN 


in condition code register 


Zero 


: Negative 


Half carry 


Carry or borrow 


Overflow in 2's complement operation 


: Interrupt mask 


(c) Status of CPU registers and condition code flags 


Example: 


Not affected 


Undefined : 


Result : 


Changes in CPU 


Registers and Flags: 


ACCD 
ACCA ACCB 


: Not affected 
: Undefined 
: Result 





Previous values retained after program 
execution. 
Previous values destroyed after program 
execution. 


Program result contained. 


Note) 

In this example, ACCA, ACCB, IX and bit 
C, bit V, bit N, bit Z of CCR are 
destroyed after program execution. 
Thus, registers and flags, which will 
be destroyed, should be saved before 


execution, if necessary. 
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(7) SPECIFICATIONS: Describes program module specifications. 


(a) ROM (Bytes): Indicates amount of ROM used in the program 


module. 


(bo) RAM (Bytes): Indicates amount of RAM used in the program — 
module. RAM used by the stack, however, is not 


included. 


(c) Stack (Bytes): Indicates stack size used in the program module. 
Stack size used by called subroutines however, 
is not included. When executing a program 


module, the total stack size must be reserved. 


(d) No. of cycles: Indicates the maximum number of cycles when 
executing a program module. Execution time of 
the program module can be calculated using No. 


of cycles as follows. 


Execution time (sec)=No. of cycles xX Cycle time 


Cycle time (sec)=4/(External oscillator (Hz) ) 


(e) Reentrant -: Indicates whether or not the program module can 
be called by two or more programs at the same 


time. 


(f) Relocatable _: Indicates whether or not the program module can 


be located in other memory space. 


(g) Interrupt OK?: Indicates whether or not the program module can 
be interrupted by other programs. If "No", 
disable interrupts before program execution and 


enable them after. 
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(8) 


Example: 


SPECIFICATIONS NOTES: 


Specifications: 


ROM (Bytes): 134 
RAM (Bytes): 9 
Stack (Bytes): 6 
No. of cycles: 5)3 
Reentrant: No 
Relocatable: No 
Interrupt OK?: yes 





SPECIFICATIONS". 


Example: 


Specifications Notes: 


1. Values in "Specifications" include values for subroutines called by L2HDST. 


2. "No. of cycles" in "Specifications" indicates the number of cycles required 
when L2HBSY is executed in the minimum number of cycles (no waiting for LM200). 





Describes notes on items listed in" (7) 


© HITACHI 


831 


5.2 Description 


usecase | 


The Description Part is shown in figure 4. ('! __!: blocked off area in 


figure 4). This part explains function details, user notes, RAM allocation, 
Sample application and basic operation. Each numbered item in the figure 


is described below. 


Eunction: Description: 


3. RAM Allocation 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 


Santen. Location Bytes 


aAcCD Pi 
ACCA ACCB ROM (Bytes): 


Stack (Bytes): 
No. of cycles: 
Reentrant: 4. Sample Application 
Relocatable: 


Interrupt OK?: 


: Not Affected 
: Undefined 
: Result 


Description: 


5. Basic Operation 


1. Function Details 


(4) 


2. User Notes 


we wm eww ewe ew ew mM wm mw we ew em ew eww 





Specifications Notes: 





Figure 4. Description Part 
(1) PROGRAM MODULE NAME 


(2) MCU/MPU Same as "5.1 Specification" 
(3) LABEL 
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(4) DESCRIPTION: Describes function details, user notes, RAM allocation, 
sample application and basic operation of the program 


module. 


(a) Function Details: Describes detailed functions of the program 


module referring to the execution example. 


Example: 


Function Details 
a. Argument details 


DOTSET (RAM): Data to indicate turning on or off 1 dot. 
DOTSET (RAM)=$0E : Turn off 1 dot. 
DOTSET (RAM)=$0F : Turn on 1 dot. 
DTX(RAM) : Dot column coordinate 
in hexadecimal number. 
DTY (RAM) : Dot row coordinate in 
hexadecimal number. 


b. Example of L2HDST execution is shown in figure 1-6. If entry arguments 
are as shown in part (2) of figure 1-6, 1 dot is displayed as shown in part 
@) of figure 1-6. 


DOTSET (RAM) b7 DOTSET bO 
Tu. /offt 
ae 
r Det column 

arguments | (sme) 
jes a 
($02) 

(2) Result 





Figure 1-6. Example of L2HDST Execution 


c. L2HDST calls subroutines shown in table 1-6. ; 


Table 1-6. Subroutines Called by L2HDST 


Subroutine Name Label Function 

Store Cursor L2HCST Stores LCTC cursor address. 

Address 

Continuous L2HIST Stores data in LCTC instruction register and data 
Display register. 


Check Busy Flag L2HBSY Checks LCTC busy flag. 
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(bo) User Notes: Describes. notes and limitations when executing the 


program module. 


Be sure to read these items when using program 


modules without modification. 


Example: 


2. User Notes 


The following procedure must be executed before L2HDST execution. 
a. Select DDR of port 1 and port 3 as output. 
b. Initialize LCTC display mode. 


c. Store entry arguments. 


(c) RAM Allocation: Describes labels and contents of RAM used in 


program module. 


Example: 


3. RAM Allocation 


Label 


2 


Description 


oO 
~ 
a 
ro) 


Data to be written to LCTC instruction register 
Data to be written to LCTC data register 

Dot column coordinate 

Dot row coordinate 


Upper byte of cursor address 


Lower byte of cursor address 

Work area for calculating cursor address based 
On column coordinate 

Work area for obtaining 1 dot to be turned 
on/off | 

Data to indicate turning on/off 1 dot 


ae 
ptt 
ae 
re 
ne 
ae |, 
ae 
a | 
ae 
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(d) Sample Application: Shows a sample application for actual 


execution of the program. 


Note: Initializing stack pointer is not shown in this part. 


Example: 


4. Sample Application 





P1IDTR 
P3DTR 
#$01 
P1IDDR 
P3DDR 
L2HINT Call L2HINT to initialize LCTC 
#$0OF 
DOTSET 
#$08 
DTX 
#$02 
DTY 


Initialize port 1 and port 3. 


Store entry arguments 


Call L2HDST 


(e) Basic Operation: Explains how a program module is executed. 


Example: 


Basic Operation 


a. 


The formula below calculates cursor address and dot to be turned on/off, 
based on column and row coordinates. 


Row coordinate X< 30 + {(Column coordinate A $F8)/8} 
= Cursor address (Formula 1) 


Column coordinate - (Column coordinate A $F8) 
= Number of bits .... -e.-. (Formula 2) 


After cursor address is calculated by Formula 1, upper byte and lower 
byte of cursor address are held in CURH(RAM) and CURL(RAM), respectively. 
If L2HCST is executed, cursor address is written to LCTC. 


If number of bits obtained by Formula 2 is held in DATAR(RAM), L2HIST 
execution turns on or off 1 dot. 
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5.3 Flowchart 


The Flowchart Part is shown in figure 5. This part gives the program 


module flowchart. 


Example: 


(3) 


Program Module Name: DISPLAY DOT MCU/MPU: " HD6301Y0 Label: L2HDST 





Flowchart: 


L2HDST 


(ACCD)#( 1X) 
(IX)+(CCNT)—1IX 
CACCD)+( IX) 


Sy 
i) 
ee) 
i=] 
nm 
7 i 


Execute L2HCST to store cursor address 
in LCTC register. 


(DTX)—-ACCA 


Calculate bit location using 
(formula 2) in (5) Basic Operation 
and store result in L2HIST entry 
argument. 


(DTWK )—-ACCB 


(ACCA)—(ACCB) 
—->DATAR 


(DOTSET)—INSTR Store turn on/off instruction in L2HIST 
entry argument. 


(DTX)>~ACCA 
(ACCA)A$F8—DTWK 
Rotate (ACCA) 
3 bit right 
(ACCA)-CCNT 
(DTY)x$1E—-ACCD 
Calculate cursor address using 
(formula 1) in (5) Basic Operation. 
f Execute L2HIST to turn on/off 1 dot. 





Figure 5. Flowchart Part 
(1) PROGRAM MODULE NAME 
(2) MCU/MPU Same as "5.1 Specification" 
(3) LABEL 
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6. 4th Section (Subroutine) 


The Subroutine Section is shown in figure 6. Each numbered item is 


described as follows. 


(2) (3) 









(i). 


Subroutine Name: 


MCU/MPU: Label: 


(4) 


Function: 


(5) Basic Operation: 








(6) Program Module Using This Subroutine: 


(7)—| Flowchart: 


Figure 6. Subroutine Section 
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(1) SUBROUTINE NAME: 


Example: 


Subroutine Name: 


STORE DISPLAY 
INSTRUCTION 





(2) MCU/MPU: 


Indicates microcomputer or microprocessor applicable to the 
subroutine. 


Example: 


MCU/MPU: HD6301Y0 





(3) LABEL: Indicates the name identifying subroutine entry point. 


When using the subroutine without modification, use this label to 
call the subroutine. 


Example: 





Label: L2HIST 


(4) FUNCTION: 


Describes subroutine function. 


Example: 


Function: 


Writes instruction and data to LCTC. 





(5) BASIC OPERATION: Explains how a subroutine is executed. 


Example: 


Basic Operation: 


1. 
2s 


LCTC busy flag is checked. 





Data is written to LCTC through port 1 controlling DS, R/W, E signals of LCTC. 
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(6) PROGRAM MODULES USING THIS SUBROUTINE: 


the subroutine. 


Example: 


Lists program modules using 


Program Module Using This Subroutine: L2HINT, L2HDCR, L2HDST, L2HMVE 


(7) FLOWCHART: 
Example: 


Flowchart: 


L2HIST 


L2HIST 
| L2HBS Y | 


$04—-P1DTR 
$05—-P1DTR 
(INSTR)—-P3DTR 
$04—-P1DTR 
$00->P1DTR 
$01—-P1DTR 
(DATAR)—P8DTR 


$00->P1DTR 


ee] 
4} 
nm 


-{ 
{ 
| 
“{ 
--| set signal E to low. 
“{ 
{ 
{ 
-f 





Gives subroutine flowchart. 


Execute L2HBSY to check busy flag. 


Set signal RS to High to select 
instruction register of LCTC. 


Set signal E to High. 


Output instruction from port 3 to 
LCTC register. 


Set signal RS to Low to select data 
register of LCTC. 


Set signal E to High. 


Output data from port 3 to LCTC 
register. 


Seg signal E to Low. 
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7. Sth Section (Program Listing) 


The Program Listing Section explains RAM allocation and CPU register allocation, 


and gives program module and subroutine listings. 


(1) RAM Allocation: RAM used in program modules or subroutines is allocated 


as shown below. 


Example: 


00002 
00003 
00004A (b) ORG = $40 


00005 * 
OO006A 0001 AXINSTR RMB 


00007A 0001 A DATAR RMB 
00008A 0001 A CURL RMB 
O0009A 0001 A CURH RMB 
00010A A DCOUNT RMB 
00011A A DATA RMB 
A 
A 
A 
A 
A 


00001 * | 
(a) { s0¥0 RAM ALLOCATION OROCOR OOO ORO IORI KI OK HOOK 
*K 


LCTC instruction register data 
LCTC data register data 

Lower byte of cursor address 
Upper byte of cursor address 
Counter for continuous display 
Display data 

Work area for cursor address 
Dot column coordinate 

Dot row coordinate 

Work area for turning on/off data. 
Turning on/off data 


00012A 0001 CCNT RMB 
00013A DTX RMB 
00014A OTY RMB 
0001SA DTW RMB 
00016A DOTSET RMB 


eee etl metal aol aaa NOE eel eo el on) 





(a) The title "RAM ALLOCATION" is followed by the actual RAM allocation 


used. 


(b) RAM label. 


(2) CPU Register Allocation: Symbols used in a program module or subroutine 


are defined as shown below. 


Example: 
00017 *K 
00018 (a) { sr SYMGOL DEFINITTIONS FOCI IOI OO OK KOKO IKK 
00019 (b) x 
00020 0000 P1DDR EQU $00 Port 1 data direction register 
00021 0002 A PI1DTR EQU $02 Port 1 data register 
00022 0004¢ A P3DDR EQU $04 Port 3 data direction register 
00023 0006 A P3D0TR EQU $06 Port 3 data register 


(a) The title is always "SYMBOL DEFINITIONS". 


(b) Symbol definitions. 
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(3) Main Program: 


00024 

00025 

00026 

00027 

00028 

00029 

00030A 
00031 

00032A 
00033A 
00034A 
00035A 
00036A 
00037A 
00038A 
000394 
00040A 
00041A 
00042A 
00043A 
00044A 
O0045A 
00046A 
00047A 
00048A 
00049A 
OOOSOA 
000514 
000524 
00053A 
00054A 
OOOSSA 
O00056A 
0O00S7A 
Q00S8A 
Q00S5S9A 
OOO060A 
000614 


Example: 


(b) 


Gives main program listing of a sample application. 


DK KC HOH MOOK KC BOOK IC HOI OTS TCE AS OE IKK TOK oe at KA AOR ME MMO HCOHOOK oi OK AC oe ok HK 


*K 


MAIN PROGRAM 


* 
L21IMN * 
ok 


MOK MOK KOK OK KOK oF TKK Ms ols OS oI CHK HOCK MOOK Sle dC aK AG EK cok HOOK OK OK 0K ok ok 0K ok 4K 


cal 


\ > 
OLSF L2HMN 


02 
06 
Ol 
00 
04 


OOCO A 
SF A 


FB EO12 
COS2 A 
CO3D A 
C14E A 


» 00 A) 


FF A 
14 COB 
00 A 
OB CO46 
OE a 
4B A) 
C068 A 


EA CO20 
CO93 «6A 
F? CQ32 
Fe 6038 


L2HMN 1 


L2HMN2 


ORG 


LOS 
CLRA 
STAA 
STAA 
LDAA 
STAN 
STAAS 
CLRA 
LOX 
STAA 
DEX 
BNE 
JSR 
ab 
LOX 
LDAA 


L2QHMNZ. 


L2HMN4 


PEND 


$COOO 
HS13F 


P1DTR 
P30TR 
HDOL 

PIDOR 
P2UDR 


HBCO 
vp ae « 


L2HMN1 
L2HINT 
LZAOCR 
HOTDATA 
O.X 


HBF 
PEND 
#00 
LZHMN4 
HSOE 
DOTSET 
L2HDST 


L2HMN2 
L2HMVE 
L2HMN3 
PEND 





Initialize stack pointer 


Initialize port 1 
Initialize burt 3 
Select port 3 as output 


Clear RAM 


Clear display RAM 

Initialize LCTC 

Load data table starting address 
Load display data intu ACCA 

Save data table address 


Loon until display is completed 
Test if 1 dot is turned on/off 
Branch if turned oan 

Store instruction to turn off 


Turn aff 1 dat 
Restore data table address 
Increment data table address 


Turn on i dat 


End of program 


(a) The title is always "MAIN PROGRAM". Label after colon shows entry 


point label. 


(bo) Entry point label. 
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(4) 


00101 
00102 
00103 
00104 


Program Module: 


Example: 


Gives program module listing of a sample application. 


2EOROROR ORO OKOIOROIOROFOROIOIOIOI OK IO FOR OROROK OK OIRO HOOK HOR IOHOR OK HOR HOOK 2K 2K OK 


* 
* 
* 


NAME 


* 


: L2HDST (DISPLAY DOT) 2 


* 


JOOIOROROROROIOROIOROIOROROIOI IOI OOOO OR IOROK OR OOOO KORO HOR HOOK HOOK KK 


00105 


00106 * > 
>: DTXC¢CDOT COLUMN COORDINATE) *« 
DTYCOOT ROW COORDINATE) »* 
DOTSETCTURN ON/OFF INOICATOR) * 
NOTHING * 

* 

* 


00107 * ENTRY 
00108 * 
00109 * 
00110 * 
00111 *x 
00112 

00113A 

00114A | A 
00115A A 
00116A 
00117A 
00118A 
00119A 
00120A 
00121A 
00122A 
00123A 
00124A 
00125A 
00126A 
00127A 
001280 
00129A 
001304 
00131A 
00132A 
00133A 
00134A 
00135A 
00136A 
00137A 


RETURNS : 


KORO IO OK OIRO OK ORO IOROK ROR OK OIOK IOI OK IOI KOK OK IKK IIH OHOHC HOOK IC HOOK IK 

L2ZHDST LDAA DTX Load column coordinate 
ANDA HSF8 DTX AND $F8->DTWK 
STAA DTWK 
LSRA 
LSRA 
LSRA 
STAA 
LDAA 
LDAB 
MUL 
XGDX 
LDAB 
ABX 
XGDX 
STAA 
STAB 
JSR 
LDAA 
LDAB 
SBA 
STAA 
LDAA 
STAA 
JSR 
RTS 


CDTX AND $F8)/8->CCNT 


CCNT 
DOTY 
HSIE 


OTY*30->IX 


CONT IX+CCNT->CURH : CURL 


CURH 
CURL 
L2HCST 
OTX 
DT WK 


Store cursor address 


DTX-DTWK->DATAR 
DATAR 
DOTSET 
INSTR 
L2HIST 


Store turning on/off data 


Drryp DDrDPrryYp 


Turn on/off 1 dot 





(a) Program module title is always followed by the entry point label 


in parenthesis and description of entry and return arguments. 


(b) Entry point label. 
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(5) Subroutine: Gives subroutine listing. 


Example: 


00217 FORO OOK ICO OOOO IOOIOROIOOOIOORO I IORI OIOOK OK OK KOK K 
00218 * * 
00219 (a); * NAME = L2ZHIST (STORE DISPLAY INSTRUCTION) 
00220 (b) aa * 
00221 FO IOICOR ICO IOOR OR IOORI ORI OOOO OK OOK OOOO OOK OK IOK KKK 2K 
00222A BD COEA FL2HIST JSR L2HBSY Check LCTC busy flag 
00223A 86 04 LDAA HS04 Set RS=1,R/W=0,E=0 

00224A 97? 02 STAA P1OTR 

00225A 86 O05 LDAA H$OS Set E=1 

00226A 9? 02 STAA PIOTR 

00227A 96 40 LDAA INSTR Output instruction through port3 
00228A 9? 06 STAA P3DTR 

00229A 86 04 LDAA HS04 Set E=0 

00230A 97? Q2 STAA P1OTR 

O0231A ?F 0002 CLR P1OTR Set RS=0 

00232A 86 Ql LDAA #$01 Set E=l 

00233A 97 02 STAA P1DTR 

00234A 96 41 LDAA DATAR Output data through port3 
00235A 9? 06 STAA P3DTR 

00236A 7F QO02 CLR P1DTR Set E=0 

00237A 5D RTS 


DrrprprprprrpyryrrrTyp 


(a) Subroutine title is followed by the entry point label in 


parenthesis. 


(b) Entry Point label. 


(6) Data Table: Describes data table used in the main program, program 


modules and subroutines. 


Example: 
00254 DOROIOK IOI OOOOROIOIOIOROROIOIOROK ORO IO IOK HOR OK IOROK FORK IOHOROIOHOK OK OHOK OOK 2K KOK 
002S5 *« i 
00256 (a) * DATA TABLE * 
00257 (b) * * 


00258 FOO OOO OOO OOOO OOO ORO OOOO OOOOH IOKK 
00259A C1i3C 00 LCTC1l FCB $0,$32 *Instruction and data- 


00260A C13E Ol A FCB $1,$07 to initialize LCTC 
00261A C140 02 A FCB $2,.$10 

00262A C142 03 A FCB $3,$1F 

00263A C144 04 A FCB $4, $00 

00264A C146 08 A FCB $8, $00 

O026SA C148 09 A FCB $9.,$00 

00266A C14A OA A FCB $A, $00 

00267A C14C OB A FCB $B, $00 

00268A C14E Ol A DTDATA FCB $01 *Display data 
00269A C14F 01 A FCB $01 

00270A C150 01 A FCB $01 


(a) The title is always "DATA TABLE". 


(b) Data table label. 
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(7) Vector Address: Describes vector address allocation. 


Example: 


*K 
VECTOR ADDRESSES XK 
* 
OK OOROIOR OK IOK FOIOR OK IOIOROIOR OK OROR HOR OIOROROFOROIOK I OHO OHOROKOHOROK HOOK HOCH 
* 
| ORG $FFEA 
* ; 
FDB L2HMN IRQ2 
FDB L2HMN CMI 
FOB L2HMN TRAP 
FOB L2HMN SIO 
FOB L2HMN TOI 
FOB L2HMN OCI 
FDB L2HMN ICI 
FDB L2HMN IRG1/ISF 
FOB L2HMN SWI 
FDB L2HMN NMI 
(pb) FO8 L2HMN RES 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


” N END 





(a) The title is always "VECTOR ADDRESSES". 


(b) Indicates the end of a program. This can be moved, if necessary. 
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Program Module Execution 


The programs 1.. APPLICATION NOTES have been written considering efficiency 


and portability. The following shows row to execute these programs and how 


to modify them according to user requirements. 


The procedure for calling programs in APPLICATION NOTES from user programs 


is shown in figure 7. All programs in APPLICATION NOTES are written as 


subroutines and should be called as shown. An example of a user program in 


which a program in APPLICATION NOTES is called as a subroutine is shown in 


figure 8. 


USER PROGRAM 






Initialize 
before 
execution 


(1) 


pave necessary 
(2) registers 


Hold entry 
(3) 
arguments 


JSR L2HDST 


(4) Call 
subroutine 
Process 
6) 


Restore 
necessary 
registers 









(6) 


Program Module 


L2HDST 


Display Dot 


Figure 7. Procedure for Calling Program Module in 
APPLICATION NOTES 
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Program 
I 


| 
#$00 
P1DTR 
P3DTR 
#$01 
P3DDR 
L2HINT 


--- Initializes before executing program module. 


#$0F 
DOTSET 
#$08 
DTX 
#$02 
DTY 


| ssr L2HDST | ---- Calls program module. 


--- Holds entry arguments. 





Figure 8. Example of How to Execute a Program Module 


Explanation of figure 7. 

(1) Initialize 
Examples of items requiring initialization are input/output ports, 
control registers and counters used by the program module. Refer to 


Program Module Sample Application for data details. 


(2) Save registers 


The program modules use CPU registers for arithmetic operations 
destroying the original contents. Thus register contents should be 
saved if needed. Refer to the "CHANGES OF CPU REGISTERS AND FLAGS" 
column in " SPECIFICATIONS" (Part 1 in the 3rd SECTION-PROGRAM MODULE 


DESCRIPTION) for register status after a program module is executed. 
(3) Hold entry arguments 


Holds entry arguments in CPU registers or memory before calling a 
program module in the user program. Refer to "ARGUMENTS" in 


SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 


(4) Call subroutine 


Program module is called. 


(5) Process result 


After a program module is executed, the results returned in the return 
arguments must be processed as required. Refer to "ARGUMENTS" in 


© HITACHI 
846 


(6) 


SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 


Restore necesSary registers 


Registers saved in (2) should be restored here. Note that when a 
program module is used as a subroutine, the stack area shown in 
SPECIFICATIONS (Format 1 in 3RD SECTION —- Program Module) is necessary 
in addition to the stack area required by the subroutine calls in the 
user program. When any subroutine is called, this stack area must be 


reserved. 
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System Application Examples 

















No. Item Microcomputer Function Device Page 
1 HD61830 (LM200) - HD6301Y0 I/O Port {Portl\ HD6301Y0 39 
Graphic Mode Port3 HD61830 
MM6116 
LM200 
2 Darlington HD6 301Y0 I/O Port /[Portl HD6 301Y0 | | 73 
Transistor Drive Port6 8-digit*8-segment LED 
(LED Dynamic Display) 
3 Duty Control of HD6 301Y0 Timer2 HD6301Y0 86 
Pulse Output and (HD6 30 3Y) Tout 3 pin 
DA Conversion 
4 Pulse Width HD6 301Y0 Timer 1 HD6 301Y0 102 
Measurement (HD6 30 3Y ) Tin Pin 
S Input Pulse Count HD6 301Y0 Timer 2 HD6 301YO 112 
(HD6 30 3Y ) TCLK pin 
6 8X 4 Key Matrix HD6 301Y0 I/O Port {Port3\ HD6301Y0 122 
Port4 8x4 key matrix 
Timer 1 
7 A/D Converter HD6 301Y0 I/O port /port3 HD6 301Y0 137 
(HA16613A) Control port5 HA16613A 
IRQ] pin 
8 Standard Keyboard HD6 301Y0 I/O port (port6) HD6301Y0 146 
Interface (HD6 30 3Y) IS pin ASCII keyboard 
9 Centronics HD6 301Y0 I/O port (port6) HD6301Y0 160 
Interface (HD6 30 3Y) IS pin, OS pin Centronics interface 
printer 
10 Data Transfer with HD6 301Y0 I/O port (port5) HD6301Y0 172 
Asynchronous SCI (HD6 303Y) Asynchronous SCI Console typewriter 
ll Liquid Crystal HD6 301Y0 I/O port (port2) HD6301Y0 188 
Drived (HD61100A) (HD6303Y) Clock synchronous HD61100A 
Control SCI 10-digit*8-segment LCD 
12 External Expansion HD6 301Y0 _ External expan- HD6 301Y0 200 
(HD6303Y) Sion function  HD6321, HN27C64 
HD6350, HM6264 
H2571 
13 Slow Device HD6 3B0 1Y0 MR pin HD6 301¥0 233 
Interface External expan- HN4 82764G- 3 
sion function HM6264LP 
14 Low Power HD6 301Y0 Low power dis- HD6 301Y0 247 
Dissipation Mode sipation 
mode /standby 
sleep 
I/O port /portl 
port3 
port6 
15 HA1835P Control HD6 301Y0 Trap function HD6 301Y0 264 
and Error Detection I/O port Gee HA1835P 
port7 
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SECTION 1. HD61830 (ILM200) GRAPHIC MODE 


1.1 HARDWARE DESCRIPTION 


i eae eo 


Function 


Initializes graphic mode and displays dot graphics on the LM200 liquid 
crystal module. 


Microcomputer Operation 


The HD6301Y0 transfers display data to the dot matrix liquid crystal 
graphic display controller LSI HD61830 (LCTC) from port 3 onto the LCTC 
data bus (DBy ~ DB7), and transmits control signals E, R/W, and RS 
through port 1. Ports 1 and 3 are controlled by software. 


Peripheral Devices 


HD61830 LCTC: Receives control signals and display data from the 
HD6301Y0 and in turn controls the HM6116 Display RAM and LM200. 


IM200 Liquid Crystal Module: Receives graphic display data and control 
signals from the HD61830 LCTC. A resolution of 64 X 240 pixels is 
provided in LM200 graphic mode. In this application, the figures 
"BIL", meaning HITACHI, are displayed. 
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1.1.4 Circuit Diagram 


LCTC control circuit is shown in figure l1-l. 


MCU 
HD6301Y0 LCTC 


Hpé61isso0o . . Liquid crystal module 





Figure 1-1. LCTC Control Circuit 
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Lelied 


Table 1-1. 


Pin Functions 


Pin functions at the interface between the HD6301YO and LCTC are shown 


in table 1-1. 


Pin Name 


Pio 


Pa 4 


Pio 


P30 
P3i 
P32 
P33 
P34 
P35 
P36 


P37 


Output 
Output 


Output 


Input /Output 
Input /Output 
Input /Output 
Input /Output 
Input /Output 
Input /Output 
Input /Output 
Input /Output 


Pin Functions 


Active Level 
(HD6301Y0) Input/Output (High or Low) Function 


High 
High 
Low 
High 
Low 


Hardware Operation 


The timing chart for interfacing between the HD6301Y0 and each signal 


Enables signal 

Reads data 

Writes data 

Selects instruction register 
Selects data register 


Data Lines 


Pin Name Program 


(LCTC) 


E 
R/W 


RS 


DBo 
DB, 
DBo 
DB; 
DB, 
DBs 
DBg 
DB7 


Label 


P1DTR 


P3DTR 


is shown in figure 1-2. @ and @) in figure 1-2 show timing for read and 


write. 


Q) Data from LCTC can be read during () period. 


(@) Data can be written to LCTC at the falling edge of signal E. 
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LCTC pin names 


RS, R/W 


DBo ~ DB 
(HD6 301Y0— LCTC) 


DBo ~ DB7 
(HD6301Y0<LCTC) 





Figure 1-2. HD6301Y0«.».LCTC Interface 
1.2 SOFTWARE DESCRIPTION 


1.2.1 Program Module Configuration 


The program module configuration for graphic casa on the eTduee 


crystal module is shown in figure i=3: 


MAIN 
PROGRAM 


L2HINT L2HDCR 
INITIALIZE MOVE 
LCTC DOT DISPLAY 


Figure 1-3. Program Module Configuration 
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1.2.2 Program Module Functions 


Program module functions are summerized in table 1-2. 


Table 1-2. Program Module Functions 


No. Program Module Name Label Function 





0 MAIN PROGRAM L2HMN Demonstrates graphic display on LM200. 

1 INITIALIZE LCTC L2HINT Initializes LCTC for graphic mode. 

2 ‘CLEAR DISPLAY RAM L2HDCR Clears display RAM to clear display. 

3 DISPLAY DOT LZHDST Turns on and off 1 dot specified by row or 
column coordinate. 

4 MOVE DISPLAY L2HMVE Moves dot display up, down, left, or right. 


1.2.3 Program Module Process Flow (Main Program) 


The following flowchart (figure 1-4) demonstrates the process for 
displaying graphics on the LM200 liquid crystal display, using the 


modules described above. Figure 1-5 shows this applications display. 
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L2HMN Main Program 


$1383F—>SP ----{ Initialize stack pointer. 
$00-P1DTR 

$00-P3DTR ---4 Initialize port 1 and port 3. 
$01—-P1DDR | 

$01—-P3DDR 

$00—-ACCA 


$CO->IX 


(ACCA)—($3F+IX) ----4 Clear internal RAM. 


(IX)-171xX 


<=> 


CIX)= 


L2HINT 
L2HDCR 


DTDATA>IX -nonf 


om 
f 
2 


o 


__f[ Execute L2HINT to initialize LCTC 
for graphic mode. 


----| Execute L2ZHDCR to clear display RAM. 


Load starting address of the data table, 
where display data is stored, into IX. 


E 
nw 
J 
zZ 
rr) 












CIX)-ACCA ----| Load display data into ACCA. 


____[Save data table address of display 
data. 


(ACCA) =$FF | : 
—-| test if display data is completed. 
cacca) SFP] FEN? 
END 
ACCA) =$00 ACCA) #800 ----| Test if 1 dot is turned on or off. 






(ACCA) =$00 


$0E>DOTSET ----| store instruction to turn off 1 dot. 


L2HDST 


L2HMN3 
PUL IX aa 


----| Turn off 1 dot. 


Restore data table address of 
display data. 


----{ Increment data table address of 
display data. | 


Figure 1-4. Main Program Flowchart 
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Figure 1-5. Example of L2HMN Execution 
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1.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: [TNITIALIZE LCTC MCU/MPU: }WD6301Y0 Label: L2HINT 


Function: 


Initializes LCTC for graphic mode. 


Arguments: Changes in CPU Specifications: 
Registers and Flags: 


ACCD es 
ACCA ACCB ROM (Bytes): 90 


RAM (Bytes): 2 
Stack (Bytes): 4 
No. of cycles: 123 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


Not affected 
Undefined 
Result 


Description: 
1. Function Details 
a. L2HINT has no arguments. 


b. Instruction and data in table 1-3 are written to LCTC to initialize LCTC 
for graphic mode. 








Specifications Notes: 


1. Values in "Specifications" include values for subroutines called by L2HINT. 
2. "No. of cycles" in "Specifications" indicates the number of cycles required 
when L2HBSY is executed in the minimum number of cycles (no waiting for LM200). 
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Program Module Name: INITIALIZE LCTC 


MCU/MPU: HD6301Y0 Label: L2HINT 





Description: 


Table 1-3. Instruction and Data to initialize LCTC. 








Instruction Data Function 

$00 $32 Selects display on, master mode, graphic mode. 
$01 $07 Displays 8-bit data sent from RAM. 

$02 $1D Defines number of horizontal bytes. 

$03 $1F Defines duty rate as 1/32. 

$04 $00 Selects cursor position. (Note) 

$08 $00 Selects display starting address to $0000. 

$09 $00 

$0A $00 Selects cursor address to $0000. 

$0B $00 


Note: Display initialized for graphic mode, cursor is not displayed. 


c. L2HINT calls subroutines shown in table 1-4. 


Table 1-4. Subroutines Called by L2HINT 


Subroutine Name Label Function 

Stores Display L2HIST Writes data LCTC instruction register and data 
Instruction register. 

Check Busy L2HBSY Checks LCTC busy flag. 

Flag 


2. User Notes 


The following procedure must be executed before L2HDCR execution. 
a. Reserve instructions and data in a data table. 


b. Select DDR of port 1 and port 3 as output. 





3. RAM Allocation 


D oer 
Label b7 RAM bO escription 
INSTR ——_| | Data to be written to LCTC instruction register 
DATAR ! Data to be written to LCTC data register 
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Label: L2HINT 





MCU/MPU: HD6301Y0 





Program Module Name: INITIALIZE LCTC 





Description: 


4. Sample Application 
| 


CLRA 
STAA P1DTR 
STAA PSDER.  *S: eéubues Initialize port 1 and port 3. 
LDAA #$01 —_ 
STAA P1DDR 
STAA P3DDR 
[see wane] ..... ca name 
| 
| 
LETC) FCB SOx ($32.4. oc eva Reserve data table 


t 
5. Basic Operation 
a. To initialize graphic mode, instructions and data in table 1-3 are written 


to LCTC instruction register and data register, respectively. 


b. Instruction register and data register are used in pairs, and are selected 
by RS signal. 


c. Instruction and data in table 1-3 are held in INSTR(RAM) and DATAR (RAM) 
using index addressing mode. If L2HIST is called, data is written to LCTC 


instruction register and data register. 


d. In L2HINT, port 1 controls R/W, E, and RS signals. 
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Program Module Name: INITIALIZE LCTC MCU/MPU: HD6301Y0 Label: L2HINT 





Flowchart: 


L2HINT 


L2HINT 


LCT Cl LX 


L2HITL 


(IX)—INSTR 
(IX)—-DATAR 


| L2HIST | 
C(IX)+1> 1X 


(IX) #LCTC1 






Load starting address of data table, 
where instructions code and data are 
stored, into address pointer. 







Store instruction code in L2HIST 
entry argument. 







Increment address pointer of data table. 


Execute L2HIST to write instruction code 
and data to LCTC and initialize it. 





Increment address pointer of data table. 











+18 


Test if LCTC initializing is completed. 


--+{ store data in L2HIST entry argument. 


CIX)=LCTC1+18 
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Program Module Name: CLEAR DISPLAY MCU/MPU: HD6301Y0 Label: L2HDCR 
RAM 


Function: 


Stores $00 in display RAM to clear display on LM200. 





Arguments: Changes in CPU Specifications: 
Registers and Flags: 


ACCD 


ACCA ACCB ROM (Bytes): 133 


RAM (Bytes): 6 

Stack (Bytes): 6 

No. of cycles: 211474 
Reentrant: No 


Relocatable: No 


Interrupt OK?: yes 


Not affected 
Undefined 
Result 





Description: 


1. Function Details 
a. L2HDCR has no arguments. 


b. After L2HDCR execution, display or LM200 is cleared. 


c. L2HDCR calls subroutines shown in table 1-5. 





Specifications Notes: 








1. Values in "Specifications" include values for subroutines called by L2HDCR. 
2. "No. of cycles" in "Specifications" indicates the number of cycles required 
when L2HBSY is executed in the. minimum number of cycles (no waiting for LM200). 
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Program Module Name: CLEAR DISPLAY 





MCU/MPU: HD6301Y0 Label: L2HDCR 
RAM 





Description: 


ce 


4. 





Table 1-5. Subroutines called by L2HDCR 








Subroutine Name Label Function 

Store Cursor L2HCST Stores LCTC cursor address. 

Address 

Continuous L2ZHDSP Continuously displays on LM200. 

Display 

Store Display L2HIST Stores data in LCTC instruction register 
Instruction and data register. 

Check Busy L2HBSY Checks LCTC busy flag. 

Flag 


User Notes 


The following procedure must be executed before L2HDCR execution. 
a. Select DDR of port 1 and port 3 as output. 


b. Initialize LCTC display mode. 


RAM Allocation 


Label RAM Description 


Lower byte of cursor address 
Upper byte of cursor address 


Counter for repeated 


Display data 


CLRA 

STAA PLDTR 

oTAA P3DTR 

LDAA #$01 De “guetta Initialize port 1 and port 3. 

STAA P1DDR 

STAA P3DDR 

JSR EZ2HIND? | Sse ene Call L2HINT to initialize LCTC. 
[seamen]... on rms 
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Program Module Name: CL.RAR DISPLAY MCU/MPU: HD6301Y0 Label: [2HDCR 


RAM 





Description: 


5. Basic Operation 


a. When displaying graphics on LM200, cursor address and display data are 
written to LCTC. 


b. L2HCTS is called to store $0000 in cursor address. 
c. LM200 uses 1920 bytes in 1 display screen. 


d. L2HDSP is called to store $00 throughout RAM so that display on LM200 
can be cleared. L2HDSP uses auto-increment function for cursor address. 


© HITACHI 
862 


Program Module Name: CLEAR DISPLAY MCU/MPU: p6301Y0 Label: L2HDCR 


RAM 





Flowchart: 


Clear L2HCST entry arguments to initialize 
cursor address to $0000. 





__| Execute L2HCST and initialize cursor 
address to $0000. 


| L2HCST | 
1920— Store 1920 in L2HDSP entry argument to 
DCOUNT :DCOUNT+1 ~~") repeat writing 1920 byte data in display 
RAM, . 


$00->DATA 
| L2ZHDSP | 







__| Store "$00" in L2HDSP entry argument 
to clear display RAM. 


” 


~~ Execute L2HDSP to clear LM200 Display. 
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Program Module Name: DISPLAY DOT 


Label: L2HDST 






MCU/MPU: HD6301Y0 





Function: 


Turns on or off 1 dot specified by row and column coordinates in entry arguments. 


Arguments: Changes in CPU | Specifications: 


Storage Registers and Flags: 


Contents Location 


ACCA ACB ROM (Bytes): 134 
Entry Turn on/off DOTSET RAM (Bytes): 9 
indicator (RAM) 
Stack (Bytes): 6 
Dot column DTX 
coordinate (RAM) No. of cycles: 513 


a Reentrant: No 
Dot row DTY 


V é 
coordinate (RAM) Relocatable: No 
Interrupt OK?: Yes 


Not affected 
: Undefined 
Result 


Description: 


l. Function Details 
a. Argument details 


DOTSET (RAM): Data to indicate turning on or off 1 dot. 
DOTSET(RAM)=$0E : Turn off 1 dot. 
DOTSET (RAM) =$0F : Turn on 1 dot. 
DTX (RAM) : Dot column coordinate 
in hexadecimal number. 
DTY(RAM) : Dot row coordinate in 
hexadecimal number. 


Specifications Notes: 


1. Values in "Specifications" include values for subroutines called by L2HDST. 
2. "No. of cycles" in "Specifications" indicates the number of cycles required 
when L2HBSY is executed in the minimum number of cycles (no waiting for LM200). 
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Program Module Name: DISPLAY DOT 


MCU/MPU: HD6301Y0 Label: L2HDST 





Description: 


b. Example of L2HDST execution is shown in figure 1-6. If entry arguments 
are as shown in part()of figure 1-6, 1 dot is displayed as shown in part 
@) of figure 1-6. 


DOTSET (RAM) b7 DOTSET bO 
Tu /off 
Sac 
® Ent DTX (RAM) DTX 
ntry Dot column 
arguments | (=) 


viet Mpc DTY 


Dot row 
coordinate 


($02) 





Figure 1-6. Example of L2HDST Execution 


c. L2HDST calls subroutines shown in table 1-6. 


Table 1-6. Subroutines Called by L2HDST 








Subroutine Name Label Function 

Store Cursor L2HCST Stores LCTC cursor address. 

Address 

Continuous L2HIST Stores data in LCTC instruction register and data 
Display register. 


ee Rl SS st SS Ne 


Check Busy Flag L2HBSY Checks LCTC busy flag. 





2. User Notes 


The following procedure must be executed before L2HDST execution. 
a. Select DDR of port 1 and port 3 as output. 

b. Initialize LCTC display mode. 

c. Store entry arguments. 
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Program Module Name: DISPLAY DOT MCU/MPU: HD6301Y0. Label: L2HDST 





Description: 


3. RAM Allocation 


Label RAM Description 
b7 b0 

INSTR } Data to be written to LCTC instruction register 

DATAR } Data to be written to LCTC data register 

DTX } Dot column coordinate 

DTY } Dot row coordinate 

CURH } Upper byte of cursor address 

CURL } Lower byte of cursor address 
Work area for calculating cursor address based 

CCNT \ on column coordinate 

DTWK } Work area for obtaining 1 dot to be turned 
on/off : 

DOTSET } Data to indicate turning on/off 1 dot 


4. Sample Application 


STAA PLDTR 

STAA P3DTR 

LDAA #$01 ete te } 

OTAA P1DDR ~ee.- Initialize port 1 and port 3. 
STAA P3DDR | 

JSR L2HINT weeee Call L2HINT to initialize LCTC 
LDAA #$0OF 

STAA DOTSET 

sas nd awit Store entry arguments 

LDAA #$02 

STAA DTY 


| JSR L2HDST | eee. Call L2HDST 
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Program Module Name: DISPLAY DOT 


MCU/MPU: HD6301Y0 Label: L2HDST 





Description: 
5. Basic Operation 


a. The formula below calculates cursor address and dot to be turned on/off, 
based on column and row coordinates. 


Row coordinate <X 30 + {(Column coordinate A $F8) /8} 


= Cursor address ...... b eracbia Econ etene ee (Formula 1) 
Column coordinate - (Column coordinate A $F8) 
= Number Of DLCs” .sti-os ec eee eee -... (Formula 2) 


b. After cursor address is calculated by Formula 1, upper byte and lower 
byte of cursor address are held in CURH(RAM) and CURL(RAM), respectively. 
If L2ZHCST is executed, cursor address is written to LCTC. 


c. If number of bits obtained by Formula 2 is held in DATAR(RAM), L2HIST 
execution turns on or off 1 dot. 
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Program Module Name: DISPLAY DOT MCU/MPU: HD6301Y0 Label: L2HDST 





Flowchart: 


L2HDST 
L2HDST 
(DTX)-~ACCA 
(ACCA)A$F8--DTWK 
Rotate (ACCA) 
3 bit right 
(ACCA)-CCNT 
(DTY)x$1E—-ACCD 
Calculate cursor address using 
(formula 1) in (5) Basic Operation. 
C(ACCD)#( IX) 
(IX)+(CCNT)-1X 
C(ACCD)#+( IX) 
(ACCD)->- 
CURH: CURL 
L2uHue hanes a T Execute L2HCST to store cursor address 
in LCTC register. 
(DTX)—-ACCA 
Calculate bit location using 
(formula 2) in (5) Basic Operation 
(DTWK )-ACCB and store result in L2HIST entry 
argument. 
(ACCA)—CACCB) 
—DATAR 
(DOTSET)—-INSTR Store turn on/off instruction in L2HIST 
entry argument. 
pbears | L2HIST 4 Execute L2HIST to turn on/off 1 dot. 
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MCU/MPU: HD6301Y0 


Program Module Name: MOVE DISPLAY 


Label: L2HMVE 






Function: 


Moves current displayed dot up, down, left, or right 1 dot. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 
Location Bytes ACCD 
ACCA ACCB 
Entry Moving ACCA a RAM (Bytes): 9 
direction 


Contents 
ROM (Bytes): 200 


Stack (Bytes): 8 
No. of cycles: 560 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


: Not affected 
Undefined 
Result 


Description: 
1. Function Details 


a. Argument details 
ACCA : Data indicating which direction 1 dot will be moved. 


ACCA=$01 : Move 1 dot right. 
ACCA=$02 : Move 1 dot left. 
ACCA=$03 : Move 1 dot down. 
ACCA=$04 : Move 1 dot up. 


Specifications Notes: 1. Values in "Specifications" include values for other 


program modules and subroutines called by L2HMVE. 
2. "No. of cycles" in "Specifications" indicates the number of cycles required when 
L2HBSY is executed in the minimum number of cycles (no waiting for LM200). 
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Program Module Name: MOVE DISPLAY 


MCU/MPU: HD6301YO Label: L2HMVE 





Description: 


b. Example of L2HMVE execution is shown in figure 1-7. If entry argument 
is as shown in part (1) of figure 1-7, dots are displayed as shown in part 
(2)of figure 1-7. 


c. L2HDST calls other program modules and subroutines shown in table 1-7. 


LM200 display before 
L2HMVE execution 
(1,3) 





acca b7 ACCA bO 
@ Entry argument {ttovinal © 3 3 
direction) 


IMm200 | 

display 
Q) Result after 
L2HMVE 
execution 
(2,3) 





Figure 1-7. Example of L2HMVE Execution 


Table 1-7. Program Modules and Subroutines Called by L2HMVE 


Program Module/ 





Subroutine Name  lLabel Function 

Display Dot L2HDST Turns on/off 1 dot. 

Store Cursor L2HCST Stores LCTC cursor address. 

Address 

Continuous L2HIST Stores data in LCTC instruction register and 
Display data register. 

Check Busy L2ZHBSY Checks LCTC busy flag. 

Flag 


2. User Notes 


The following procedure must be executed before L2HMVE execution. 
a. Select DDR of port 1 and port 3 as output. 
b. Initialize LCTC display mode. 


c. Load entry argument. 
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Program Module Name: MOVE DISPLAY MCU/MPU: HD6 301¥0 Label: L2HMVE 





Description: 


3. RAM Allocation 


Label RAM Description 
b7 bO 

INSTR } Data to be written to LCTC instruction register 

DATAR } Data to be written to LCTC data register 

DTX } Dot column coordinate 

DIY } Dot row coordinate 

CURH i Upper byte of cursor address 

CURL } Lower byte of cursor address 

CCNT Work area for calculating cursor address based 
} on column coordinate 

DTWK } Work area for obtaining 1 dot to be turned 

on/ofEt 
DOTSET } Data to indicate turning on/off 1 dot 


4. Sample Application 


CLRA 

STAA PIDTR 

STAA P3DTR 

LDAA #$01 $ ..... Initialize port 1 and port 3. 
STAA PIDDR 

STAA P3DDR 

JSR L2ZHINT ....-. Call L2HINT to initialize LCTC. 
LDAA #$01 j= = .w.e5. Load entry argument 


| JSR L2HMVE | eee Call L2HMVE 


5. Basic Operation 
a. After moving determined direction, DTX(RAM) pointing to dot column 
coordinate or DTY(RAM) pointing to row coordinate are incremented or 


decremented. 


b. L2HDST is called to display 1 dot specified in (a). 
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Program Module Name: MOVE DISPLAY MCU/MPU: HD6301Y0 





Flowchart: 


L2HMVE 


L2HMVE 








EECA) => (ACCA)$01 --| 


(DT Test if row coordinate is right 
most. 
(DTX)+1—-DTX | --{ Increment row coordinate. 


-4 Test if move 1 dot to left. 


Test if move 1 dot to right. 


_— Test if row coordinate is left. 
most. 


--+| Decrement row coordinate. 


Test if move 1 dot down. 


Test if column coordinate is 
a down most. 


--4 Increment column coordinate. 


up. 


Test if column 
coordinate 


(ACCA)$0 4 | Test if move 1 dot 
| is up most. 


Decrement column 
coordinate. 





L2 HME4 


$0F-DOTSET 


L2HDST 


L2HME5 
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Execute L2HDST 
~ to rutn on 1 dot. 
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1.4 SUBROUTINE DESCRIPTION 


Subroutine Name: CONTINUOUS DISPLAY MCU/MPU: 4p6301Y0 Label: L2HDSP 





Function: 


Displays specified bytes continuously from the present cursor address. 


Basic Operation: 


1. DCOUNT(RAM) is used as a counter to execute L2HIST, writing display data to 
LCTC until counter is "O". 


L2ZHDSP uses auto-increment function of cursor address. 





Program Module Using This Subroutine: L2HDCR 


Flowchart: 


L2HDSP 


L2HDSP 
Store instruction to store display 
$OC>INSTR ~ | data in L2HIST entry argument. 
S) di d in L2HIST entr 
(DATA)—DATAR | tore display data in ntry 
argument. 


L2HDP1 


E 

| ere ee | _-| Execute L2HIST to write display data 
an LCTC. 

( DCOUNT : DCOUNT 

+1)—ACCD 


(ACCD)—$01 __| Decrement counter for continuous 


(DCOUNT : DCOUNT 


+1) 40 ; 
__. Test if continuous display is 
WO completed. 


(DOOUNT : DCOUNT 
+1)=0 


R T §S 
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Subroutine Name: STORE CURSOR MCU/MPU: HD6301Y0 Label: L2HCST 
ADDRESS 


Function: 


Writes upper and lower bytes of cursor address to LCTC. 


Basic Operation: 
L2HIST is called twice since lower byte of cursor address is written to LCTC first, 
and then upper byte to LCTC. 


Program Module Using This Subroutine: L2HDCR, L2HDST, L2HMVE | | 


Flowchart: 





__ | Store instruction data for loading lower 
: cursor address. 


-- stores lower cursor address. 


Write instruction and address into 
LCTC register. 


__ | Store instruction data for loading upper 
cursor address. | 


\ 


--| store upper cursor address. ~ 


_ | Write instruction and address into 
LCTC register. 
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Subroutine Name: STORE DISPLAY MCU/MPU: 4D6301Y0 Label: L2HIST 
INSTRUCTION 


Function: 


Writes instruction and data to LCTC. 


Basic Operation: 
1. LCTC busy flag is checked. 


2. Data is written to LCTC through port 1 controlling DS, R/W, E signals of LCTC. 





Program Module Using This Subroutine: L2HINT, L2HDCR, L2HDST, L2HMVE 


Flowchart: 


L2HIST 


L2HIST 


| L2HBS Y | 


Execute L2HBSY to check busy flag. 


$04—->P1DTR Set Signal RS to High to select 
i 


nstruction register of LCTC. 


$05—>P1DTR Set signal E to High. 


(INSTR)-P38DTR ns as instruction from port 3 to 


CTC register. 


$00->P1DTR Set signal RS to Low to select data 
x 


egister of LCTC. . 
$01—+P1DTR Set signal E to High. 

(DATAR)—P3DTR Output data from port 3 to LCTC 
register. 


$00-P1DTR Seg signal E to Low. 


-{ 
zl 
{ 
{ 
“{ 
“" 
z 
+{ 


ee) 
| 
NM 
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Subroutine Name: CHECK BUSY FLAG Label: L2HBSY 


MCU/MPU: HD6301Y0 





Function: 


Tests if LCTC is in operation, and waits until LCTC is ready. 


Basic Operation: 


Since the microcomputer cannot access LCTC when LCTC is in operation, 
microcomputer determines LCTC condition by checking busy flag. 


Busy flag is read through port 1 controlling RS, R/W, E signals. 


‘Flowchart: 


L2HBSY 


L2HBSY 


0o+-P383DDR --1 Select port 3 as input to read busy flag. 


$06—-P1DTR ---4 Set signals RS and R/W to High. 


L2HBY1 


 $077P1DTR ---+ Set signal E to High. 
(P83DTR)—ACCA --~+ Read busy flag. 
$06—->P1DTR --4 Set signal E to Low. 


Shift (ACCA) 
| -L bit left 


c £0 | Check busy flag. 


$01—7P3DDR --+ Select port 3 as output. 
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1.5 PROGRAM LISTING 


00001 
00002 
00003 
00004A 
0000S 
00006A 
00007A 
00008A 
00009A 
00010A 
00011A 
00012A 
00013A 
00014A 
00015A 
00016A 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030A 
00031 
00032A 
00033A 
00034A 
00035A 
00036A 
00037A 
‘ 00038A 
000398 
00040A 
00041A 
000462A 
00043A 
00044A 
00045A 
00046A 
00047A 
00048A 
00049A 
OO0SO0A 
000S1A 
00052A 
00053A 
00054A 
OOOSSA 
O00S6A 
000S7A 


0040 


0040 
0041 
0042 
0043 
0044 
0046 
0047 
0048 
0049 
004A 
004B 


CQ00 


C000 
CQ03 
CQ04 
C006 
C008 
COOA 
COOC 
COOE 
COOF 
CO12 
C014 
CO1S 
COl1? 
CO1A 
CO1D 
C020 
CO22 
CO23 
COQ2S 
CO2? 
C029 
CO2B 
COQ2D 
COQ2F 
CQ32 
C033 


0001 
0001 
0001 
0001 
0002 
0001 
0001 
0001 
0001 
0001 
0001 


DDDPrIPrPrPPPPrPYP 


0000 
0002 
0004 
0006 


DrDToDyYp 


FB COl 
COS2 
CO3D 
C14E 
00 


O 
© 
2 
oO 
Lt DDRDPDIPN DD PYPYPPPYP PY 


FF 
14 C038 
00 A 
0B C036 
OE A 
4B OA 
C068 A 


* 
KK KOK 
* 


* 
INSTR 
DATAR 
CURL 
CURH 
DCOUNT 
DATA 
CCNT 
DTX 
DOTY 
DTWI< 
DOTSET 
* 

HOOKOK 

*K 
P1DOR 
P1DTR 
P3D0R 
P3DTR 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


SYMBOL DEFINITTIONS 


EQU 
EQU 
EQU 
EQU 


$40 


Rr Rr Rr Av rR RRP 


$00 
$02 
$04 
$06 


2K KK OK CK OK HC CE EC OC IK IC OC OI OK CK CK 


LCTC instruction register data 
LCTC data register data 

Lower byte of cursor address 
Upper byte of cursor address 
Counter for continuous display 
Display data 

Work area for cursor address 
Dot column coordinate 

Dot row coordinate 

Work area for turning on/off data 
Turning on/off data 


OK IC OK DC a CIC 2 CC HC CHC IC IC KOK 


Port 1 data direction register 
Port 1 data register 
Port 3 data direction register 
Port 3 data register 


YOK KOKO OIOHOK OK OK HOOK HOOK KK HOR KK ECOHOK OK HO te AOI OK AK AOIOK AO HOHOHOK IR HOOK KOK OK 


*#K 
*K 
oK 


MAIN PROGRAM : 


* 


L2HMN *K 
kK 


OK IOIOK OOK KHOR OR OI ROR OR ORO GEOR OR IORI OR OIRO OI GCE I A OK OOK K KOK K AOK AK 


* 


BT 
L2HMN 


L2HMN1 


L2HMN2 


L.Z2HMN3 


ORG $CO00 
LDS HS13F 
CLRA 

STAA P1OTR 
STARA P3DTR 
LDAA HSO1 
STAA P1DOR 
STAA P2DDR 
CLRA 

LDX HSCO 
STAA $3F.X 
DEX 

BNE L2HMN1 
JSR L2ZHINT 
JS L2HDCR 
LDX HDTDATA 
LDAA O.X 
PSHX 

CMPA HSFF 
BEQ PEND 
CMPA #00 
BNE L2HMN4 
LDAA HSOE 
STAA DOTSET 
JSR LZHOST 
PULX 

INX 
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Initialize stack pointer 


Initialize port 1 
Initialize purt 3 
Select port 3 as output 


Clear RAM 


Clear display RAM 

Initialize LCTC 

Load data table starting address 
Load display data into ACCA 

Save data table address 


Loop until display is completed 
Test if 1 dot is turned on/off 
Branch if turned on 

Store instruction to turn off 


Turn aff 1 dot 
Restore data table address 
Increment data table address 
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000S8A C034 20 EA C020 BRA L2HMN2 
00059A C036 BD C093 A L2HMN4 JSR L2ZHMVE Turn on 1 dout 


OO0060A C039 20 Fr C032 BRA L2HMN3 

00061A CO3B 20 FE CO03B PEND BRA PENO End of program 

00062 OOK IOI OI OK HORROR IORI CIO OOOO CROOK IK HOR KE ck kok: ok ck ok desk tok ck 
00063 * | K 
00064 »* NAME : L2HDCR (CLEAR RAM) a 
00065 > | k 
00066 JOOIOOOIORO IOI OOOO OK OK OK KOK KC OK AK AOR HOCH ORI OKANO ACK A ae 
00067 * 2: 
00068 * ENTRY : NOTHING as 
00069 * RETURNS : NOTHING a 
00070 | * - 
00071 FOOOOOCICIOM IO OOOO IORI OR FORK OIOR IOK KI OK AK ACT IK KK 
00072A CO3D 7F 0043 A L2HDCR CLR CURH Load $0000 into cursor address 
00073A C040 7F 0042 A CLR CURL 

00074A C043 BD C125 A JSR E2ZHCST Write $0000 to cursor address 
0007SA C046 CC 0780 A LOD #1920 Load data to repeat writing 1920 bytes 
O0076A C049 DD 44 A STD DLOUNT 

00077A CO4B 7F 0046 A CLR DATA Load $00 

00078A CO4E BD CODS A JSR L2HDSP Clear display 


00079A COQS1 39 RTS 

00080 FOCIOIOOOO OOO OOO IO COO OOOO IO OOK I OR IO IO OK ICR 
00081 * | 
00082 . *« NAME : L2HINT CINITIALAIZE LCTC) 2K 
00083 * : ‘Kk 
00084 — OOOO OKO OK OK TORK OOOOK OOOO OOK I IO HOR AAOK AHOK 
00085 > . 
00086 * ENTRY : NOTHING | | * 
00087 a RETURNS : NOTHING * 
00088 * K 
00089 ORO OOOO OOK IOROIOI OOOO IO OK KOK IOK ROKK HOOK 10K KOK 


OO090A COS2 CE C13C 
00091A COSS A6é OO 
00092A COS? 937 40 
00093A COS9 08 INX Increment data table address 
O0094A COSA A6 00 LOAA O.X °#£Store LCTC data 


A L2HINT LDX HLCTC1 Load data table starting address 
A 
A 
A 
OOO9SA COSC 97 41 A STAA  DATAR 
QA | 
A 
S 


L2HIT1 LDAA 0O.X Store LCTC instruction: 
STAA INSTR 


00096A COSE BD C103 JSR L2ZHIST. Write instructin and data to LCTC 
00097A C061 08 INX Increment data table address 
O0098A C062 8C C14E CPX HLCTC1+18 Test if LCTC is initialized 
O00099A CO06S 26 EE COS BNE L2HIT1 


00100A C067 39 RTS 
00101 FORO OOOO OO OOK OK IK I HORI KOK KK KKK 
00102 * * 
00103 * NAME : L2HDST («DISPLAY DOT) * 
00104 * >» 
00105 (OOOO OIRO OOK OOK IOI OOK OOK OK OR IO I OIOK KK 
00106 * 7 * 
- 00107 * ENTRY : DTXCDOT COLUMN COORDINATE) * 
00108 * : DTYCDOT ROW COORDINATE) * 
00109 * DOTSETCTURN ON/OFF INDICATOR) * 
00110 * RETURNS : NOTHING > 
00111 * OK 
00112 FOO OK IOC OOK IO IOI OO IO IOOIOK IO I IOK IOIOK KICK I KKK 
00113A C068 96 48 A L2HDST LDAA OTX Load column coordinate 
00114A CO6A 84 FB A ANDA #$F8 DTX AND $F8->DTWK 
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00115A 
00116A 
00117A 
00118A 
00119A 
00120A 
00121A 
00122A 
00123A 
00124A 
0012S5A 
00126A 
00127A 
00128A 
00129A 
00130A 
00131A 
00132A 
00133A 
00134A 
00135A 
00136A 
00137A 
00138 

00139 

00140 

00141 

00142 

00143 

00144 

00145 

00146 

00147 

00148A 
00149A 
001S0A 
001S51A 
00152A 
00153A 
00154A 
0015SA 
001S6A 
00157A 
00158A 
001598 
00160A 
O0161A 
00162A 
00163A 
001644 
O0165A 
00166A 
00167A 
00168A 
00169A 
00170A 
00171A 


COé6C 
CO6E 
CO6F 
C070 
CO?71 
CO?3 
CO?7S 
COr? 
C078 
COr9 
CO7B 
COo?7Cc 
CO?7D 
CO?F 
C081 
CQ84 
C086 
C088 
C089 
CO8B 
CO8D 
CO8F 
CO92 


CO93 
CO9S 
C09? 
CO99 
CO9B 
CO9D 
CO9E 
COAO 
COA2 
COA4 
COAG 
COA8 
COAA 
COAC 
COAD 
COAF 
COB1 
COB3 
COBS 
COB? 
COB9 
COBB 
COBC 
COBE 


97 
44 
44 
44 
97 
96 
Cé 
3D 
18 
Dé 


18 
97 
D? 
BD 
96 
D6 


9? 
96 
97 
BD 
39 


4A A 
47 A 
49 A 
1E A 
47 A 
43 Q 
42 A 
c12S A 
48 A 
4A A 
41 A 
48 A 
40 A 
C103 A 
O01 A 
OB COA2 
48 A 
EF A 
37 COD4 
48 A 
28 COCD 
02 A 
OB COB1 
48 A 
00 A 
28 COD4 
48 A 
1¢ COCD 
03 A 
08 COCO 
49 A 
3F A 
19 COD4 
49 A 
OD cOcD 


STAA OTWK 

LSRA COTX AND $F8)/8->CCNT 

LSRA 

LSRA 

STAA CCNT 

LDAA DOTY DTY*30->1X 

LDOAB HSIE 

MUL 

XGDX 

LDAB CCNT IX+CCNT—>CURH: CURL 

ABX 

XGOX 

-STAA CURH 

STAB CURL 

JSR L2HCST Store cursor address 

LOAA OTX 

LDAB DTWI< 

SBA DTX-DTWK->DATAR 

STAA DATAR 

LDAA DOTSET Store turning on/off data 

STAA INSTR 

JSR L2HIST Turn on/off 1 dot 

RTS 
HOR OOK OK OIOOK HORII OK ROK OIOHOK IOFOK KIC HC EEOC CK 2K IC CK CK CC I IC 2K IK 2K OK CK 
* * 
* NAME : L2HMVE CMOVE DISPLAY) » 
* * 
JOOROOOOIOOROOOORIOROIIOR OK ORO OR OI GOK OOK HOOK KOK IK KOK 
* * 
* ENTRY : ACCA CMOVING DIRECTION) * 
* RETURNS : NOTHING > 
* * 


OOOO GOOG IO IOI OOOO OOK OOK OK IO I KOK HOOK IOKK 
L2HMVE CMPA #S$O1 Test if move 1 dot right 
BNE L2HME1 


LDAB DTX 

CMPB 4239 Test if OTX is right most 
BEG L2HMES 

INCB Increment DTX 

STAB DTX 


BRA L2HME4 
L2HME1 CMPA H$02 


Test if move 1 dot left 
BNE L2HME2 . 


LDAB DTX Test if DTX is Left most 
CMPB HOO 

BEQ L2HMES 

DECB Decrement DTX 

STAB DTX : 


BRA L2HMES 
L2HME2 CMPA HS$03 
BNE L2HME3 


Test if move 1 dot down 


LDAB DOTY 

CMPB #63 Test if DOTY is bottom 
BEQ L2HMES 

INCB Increment DTY 

STAB DTY 


BRA L2HME4 
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00172A 
00173A 
00174A 
0017SA 
00176A 
00177A 
00178A 
00179A 
00180A 
OO181A 
00182A 
00183 

00184 

00185 

00186 

00187 

00188A 
00189A 
00190A 
001914 
00192A 
O0193A 
00194A 
00195A 
00196A 
00197A 
00198 

00199 

00200 

00201 

00202 

00203A 
00204A 
00205A 
00206A 
00207A 
00208A 
00209A 
00210A 
00211A 
00212A 
00213A 
00214A 
00215A 
00216A 
00217 

00218 

00219 

00220 

00221 

00222A 
00223A 
00224A 
0022S5A 
00226A 
00227A 
00228A 


COCO 
COC2 
COC4 
COC6 
COCc8 
COCA 
COCB 
COCD 
COCF 
COD1 
COD4 


CODS 
COD? 
COD9 
CODB 
CODD 
COEO 
COE2 
COES 
COE? 
COE9 


COEA 
COEB 
COED 
COEF 
COF1 


COPS 


COFS 
COF? 
COF9 
COFB 
CORE 
COFE 
C100 
C102 


C103 
C106 
C108 
C10A 
C10C 
C10E 
C110 


81 
26 
Dé 
Cl 
2? 
SA 
D? 
86 
ras 
BD 
59 


86 
97 
96 
ov 
BD 
DC 
83 
DD 


39 


BD 


86 
97 
86 
cad 
96 
97 


COEA 


02 
OS 
Q2 
40 
06 


DDrrDrrrTrT7pyDp 


iB) 
Oo 
a 
DDr 


L2HME3 CMPA 


L2HME4 


BNE 
LDAB 
CMPB 
BEQ 
DECB 
STAB 
LDAA 
STAA 
JSR 


L2HMES RTS 
FORO OOOO OOOO ICO OOK IOI KI I KOK KK KOK KOK K 


*K 
* 
* 


NAME 


L2ZHDBP LDAA 


L2HOP1 


STAA 
LDAA 
STAA 
JSR 
LOD 
SUBD 
STO 
BEC 
RTS 


HS04 
L2ZHMES 
DTY 
HOO 
L2HMES 


DOTY 
HSOF 
DOTSET 
L2HDST 


Test if move 1 dot up 


Test if DOTY is top 
Decrement DOTY 
Store turning on instruction 


Turn on 1 dot 


*K 


L2HDSP CCONTINUOQUS DISPLAY) * 


FOR OCICHOR OI OIOO OOOO OOK OK OOK OOOO ROKK OK OOK OK HOR OOK IOK 


HSOC 
INSTR 
DATA 
DATAR 
L2HIST 
DCOUNT 
H$O1 
DCOUNT 
L2HDP 1 


*K 
Store instruction 
Store display data 
Write display data to LCTC 
Decrement counter 


Test if display is completed 


DK AC DK OE HE I A CRC EC OK DC KIC OK OC EC IC OC EC CEC CK CIC DK OK KCC 2K I KK EC OKC OOK KK KOK 


*K 
* 
* 


NAME 


L2HBSY (CHECK BUSY FLAG) xe 


*K 


*K 


DE HCH CHC at HCH KKH CCK EC OK ECC IC EC IK OIC DC 2 CC EC CHC OK DICK KKK KOK KK OK KICK KK 


LZHBSY 


L2HBY1 


CLRA 
STAA 
LDAA 
STAA 
LDAA 
STAA 
LDAA 
LDAB 
STAB 
ASLA 
BCS 

LDAA 
STAA 
RTS 


P3DDR 
HS06 
P1DTR 
HSO? 
P1DTR 
P3DTR 
#506 
P1OTR 


L2HBY1 
H$01 
PZDDR 


Select port 3 as input 
Set RS=1,R/W=1,E=0 


Set E=1 


Read LCTC busy flag 
Set E=0 


Set busy flag to bit C 
Test if busy flag=0 7? 
Select port 3 as output 


OOK OK KOO OIOIOIOK KOKORO IOROK IOIOK IO OKOK OOK I OIOKOKOK OKOK IK IOK KCK 2K OK KCK 2K 


* 
*K 


L2HIST 


JSR 

LDAA 
STAA 
LDAA 
STAA 
LDAA 
STAA 





* NAME : L2HIST (STORE DISPLAY INSTRUCTION) x 


FORO COOK IOOIOO OOOO IGOR IORI IO IO I OK KK HOOK 


L2ZHBSY 
HSO04 


PIOTR | 


H$OS 
PIDTR 
INSTR 


P3DTR | 


* 
* 


Check LCTC busy flag 
Set RS=1,R/W=0,.E=0 


set E=1 


Output instruction through port3 


CO) HITACHI 


00229A 
00230A 
00231A 
00232A 
00233A 
00234A 
00235A 
00236A 
00237A 
00238 

00239 

00240 

00241 

00242 

00243A 
00244A 
0024SA 
00246A 
00247A 
00248A 
00249A 
002S0A 
002S1A 
00252A 
00253A 
00254 

0025S 

00256 

00257 

00258 

002S9A 
00260A 
00261A 
00262A 
00263A 
00264A 
0026S5A 
00266A 
Q0267A 
00268A 
00269A 
00270A 
00271A 
00272A 
00273A 
00274A 
00275A 
00276A 
00277A 
00278A 
00279A 
00280A 
00281A 
00282A 
00283A 
00284A 
0028SA 


C112 
C114 
C116 
C119 
C118 
C110 
C11F 
Ci2il 
C124 


C125 
C12? 
C129 
C128 
C120 
C130 
biSs2 
C134 
C136 
C138 
C138 


C1i3c 
C13E 
C140 
C142 
C144 
C146 
C148 
C14A 
C14C 
C14E 
C14F 
C1S0 
Cisl 


C152 


C153 
C154 
C1iss 
C156 
Cis? 
C158 
C159 
C1iSA 
C158 
C1isc 
C1isSD 
C1SE 
C1iSF 


DrDrrrprrTryp 


DroprrrprrpyTrTypD 


Drrrpryprprprrpryprprprrrpyrprrrrrrrrrry7Typ 


LDAA 
STAA 
CLR 
LDOAA 
STAA 
LDAA 
STAA 
CLR 
RTS 


HS04 

P1OTR 
P1DTR 
#$01 

P1OTR 
DATAR 
P3DTR 
P1OTR 


Set E=0 


Set RS=0 
Set E=1 


Output data through port3 
Set E=0 


ROCK COOK HOR IOC OOO OR OK OK HOR OK HOOK OK KOK HOOK IK HOOK HOHOICOHOHOHOK OK OK OK 


* 


* NAME 
x 


* 


> L2ZHCST (STORE CURSOR ADDRESS) * 


* 


DE OK HCO OH OK CE OC OK DCO CK CO CO CHC OC EC OK I OC OC 2K CHC OK IC CK IC CK KC OK OK 


L2HCST LDAA 
STAA 
LDAA 
STAA 
JSR 
LDAA 
STAA 
LDAA 
STAA 
JSR 
RTS 


HSOA 
INSTR 
CURL 
DATAR 
L2HIST 
#SOB 
INSTR 
CURH 
DATAR 
L2HIST 


Store instruction 
Store data 


Write Lower cursor ADDR to LCTC: 
Store instruction 


Store data 
Write upper cursor ADDR to LCTC 


DEK AK 2 DH IC CO HC CO CCC KC 2K DC 2 2 2K 2K IC OK IC CK CK IC DC CICK ICICI KECK OK 2K OK OK OK 


* 
* 
* 


*K 


DATA TABLE * 


* 


DCC IC OC DIK OC DC DH CC DC DK CC OC OK CK DC COC OK 2 OC HC OG CK KK IC HCC KK I 2 CK OIC 2K OK OC 2K 2K 


LCTC1 FCB $0,$32 *xInstruction and data- 
FCB $1,807 to initialize LCTC 
FCB $2.$10 
FCB $3,$1F 
FCB $4,500 
FCB $8, $00 
FCB $9,$00 
FCB $A,$00 
FCB $8,500 

OTDATA FCB $01 xDisplay data 
FCB $01 
FCB $01 
FCB $03 
FCB $03 
FCB $03 
FCB $03 
FCB $02 
FCB $02 
FCB $02 
FCB $04 
FCB $04 
FCB $04 
FCB $04 
FCB $03 
FCB $03 
FCB $01 
FCB $01 
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oo 


00286A 
002878 
002884 
002894 
002904 
002914 
002924 
00293A 
00294A 
002954 
00296A 
00297A 
002984 
002994 
003004 
00301A 
00302A 
003030 
00304A 
00305A 
00306A 
00307A 
003084 
003094 
003104 
00311 

00312 

00313 

00314 

00315 

00316 

00317A 
00318 

003198 
003208 
00321A 
003224 
003230 
00324A 
00325A 
00326A 
00327A 
00328A 
003298 
00330 

00331 


C160 
C161 
C162 
C163 
C164 
C165 
C166 
C1lé? 
C168 
C169 
C1é6A 
C168 
C16 
C1é6D 
C16E 
C1é6F 
C170 
Ci? 
C172 
C173 
El?74 
Cir 
C1?r6é 


cle 


C1i?8 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


COOO0 
COO00 
COO0 
COOO 
COO00 
C000 
COO00 
COO00 
COO00 
CO00 
COO00 


pPYrrrprrDprprprprprrrererrrrrrprrrrTr?r 


pRProDPrrrrry7yprTrnrp 


FCB 
FCB 
FCB 
FCS 
FCB 


FCB.. 


FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FEB 
FCB 
FCB 


FCB. 


FCB 
FCB 
FCB 
FCB 


“FCB 


FCB 


$01 
$01 
$00 


$01 


$00 
$04 
$01 
$01 
$04 
$03 
$01 
$01 
$02 
$03 
$03." 
$03 
$01 
$02 
$02 
$02 
$02 
$01 
$04 
$04 - 
SFF 


DE OK OK CK EC KK ECHO KC EOC CDE EC EC CCC EC DC DICK DC OK DK CK IC DC IK KC CI OK CCK OK HC OK 


* 
K 
* 


VECTOR ADDRESSES 


*K 
*K 
a 


DKK DC KC KK OK KOK I KK CROOK CROOK OHO ECHO OR DE ICC DIC DK IC 2 OK CK HC KK KK KOK 


* 


* 


ORG 


$FFEA. 

FDB LZHMN IRQ2 
FDB L2HMN EMT 
FDB L2HMN TRAP 
FDB LZHMN SIQ 
FDB L2ZHMN TOIL 
FDB L2HMN OCI 
FDB L2HMN ICI 
FDB L2HMN | IRQ1/1SF 
FDB L2HMN SWI 
FDB L2HMN NMI 
FDB L2HMN RES 
END 
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SECTION 2. DARLINGTON TRANSISTOR DRIVE (LED DYNAMIC DISPLAY) 
2.1 HARDWARE DESCRIPTION 
2.1.1 Function 
Drives LEDs by amplifying signals from the HD6301Y0, displaying 
"76543210" on the LED display. 
2.1.2 Microcomputer Operation 


The HD6301Y0 executes output compare interrupt 1 every 1.25 ms using 
timer 1 to drive LEDs by outputting segment data through port 1 and 
digit data through port 6. Darlington transistor are driven directly 
through port 6. 
25123, Peripheral. Devices 
LEDs: Driven dynamically at a frame frequency of 100 Hz and duty rate 
of 1/8. 


2.1.4 Circuit Diagram 


8-digit < 8-segment LED control circuit is shown in figure 2-1. 


MCU 
HD6301Y0 


LED (8-digit x 8~segment) 





Figure 2-1. 8-digit x 8-segment LED Control Circuit 
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2.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0 and LED are shown 


Table 2-1. Pin Functions 





Active 
Level 
Pin Name Input/ (High or Pin Name Progran 
(HD6301Y0) Output Low) Function (LED) Label 
Peo Output High Outputs digit data DIGL P6DTR 
Poy Output High poreere DIG2 
Be Output High DIG3 
Pos Output High DIG4 
Poy Output High DIG5 
Pos Output High DIG6 
Pog Output High ~ DIG7 
Bey Output High DIG8 
Pig — Output Low Outputs segment data a P1DTR 
Se re ee = Oe, “Seah ain 
Poi Output Low Pin Name (LED) b 
Pio Output Low corresponds to c 
segment pattern 
Pi 3 Output Low ne low . d 
Pay Output Low f pe | b e 
ise = Fi 
Pus Output Low Z | iE = 
Pig Output Low — ah 9 
Poy Output Low Segment Pattern h 


2.1.6 Hardware Operation 


The timing chart for segment signals and digit signals is shown in 


figure 2-2. 
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10° digit on 


101 digit ON 


Segment 
Signals 


] 
10© digit ON 


oON 


10ms(100Hz ) 


Pio~Pi7 10© digit x 107 digit 





Figure 2-2. Timing Chart of Segment Signals 
and Digit Signals a 


2.2 SOFTWARE DESCRIPTION 


2.2.1 Program Module Configuration 


The program module configuration for displaying digits on LED is shown 


in figure 2-3. 


DRIVE LED 





Figure 2-3. Program Module Configuration 
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2.2.2 Program Module Functions 


Program module functions are summarized in table 2-2. 
Table 2-2. Program Module Functions 


No. Program Module Name Label Function 
0 MAIN PROGRAM LEDMN Demonstrates display data on LED. 


1 DRIVE LED LEDSP Displays digits on LED using 
dynamic drive. 





2 STORE DISPLAY DATA MOVE Stores display data in display RAM. 
Refer to MOVE in HD6301/HD6303 
FAMILY APPLICATION NOTES (SOFTWARE) 
for details. 


2.2.3 Program Module Process Flow (Main Program) 


886 


The flowchart in figure 2-4 is an example of the 8-digits X< 8-segment 
LED display per formed by the program module in figure 2-3. ‘The main 
program in figure 2-4 demonstrates the display on LED shown in figure 


2=5% 
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Main Program 


$13F->SP Initialize stack pointer. 


$01—7>DECD 


---| Initialize digit data output from port 6. 
O-DSCNTR 
-—-+ Initialize data table pointer. 


7-DSCNTR+1 


$01—->P1DDR 
Select port 1 and port 6 as output. 


$FF->P6DDR 


Initialize timer control/status register l 
ag ee for enabling output compare interrupt l. 


Oo — Bit I 


$F100-I1X 
SEGD-DEA Execute MOVE to move segment data, in data 


Enable interrupts. 


table, to display RAM. Refer to MOVE in 
HD6301/HD6303 APPLICATION NOTES (SOFTWARE) 


8 +~ ACCB for details. 


LEDMN 


LEDSP OCI1 Interrupt Routine 


J Bf 


LEDSP 
DISPLAY LED Display digits on LED using dynamic drive. 





Figure 2-4. Program Module Flowchart 


LED (8-digit X 8~segment) 


Figure 2-5. Example of 8-digit x 8-segment LED Display 
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2.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: DRIVE LED MCU/MPU: HD6301Y0 Label: LEDSP 





Function: 


Displays digits on 8-digit < 8-segment LED using dynamic drive, 


Arguments: | Changes in CPU Specifications: 


Storage No. of Registers and Flags: 
Location Bytes ACCD 
ACCA ACCB ROM (Bytes) : 48 


Entry Display SEGD 8 = | RAM (Bytes): 11 
data (RAM) 


Contents 


Stack (Bytes): 0 
No. of cycles: 69 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 


Not affected 
Undefined 
Result 


Description: 
l. Function Details 


Argument details 
SEGD(RAM) : Holds display data. 


Example of LEDSP execution is shown in figure 2-6. If entry arguments 
are as shown in part 1 of figure 2-6, data is displayed on LED as shown 


in part 2 of figure 2-6. Table 2-3 shows relation between segment data 
and display. | 


LEDSP calls no subroutines. 





Specifications Notes: 


"No. of cycles" in "Specifications" indicates the number of cycles required to © 
display the 109 digit (rightmost) on LED. 
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Program Module Name: pRIVE LED 


MCU/MPU: HD6301Y0 - Label: LEDSP 





Description: 
SS Address Space 


Segment 
Sets ) 


Q) Entry 


argument 





@ money TelsiY|afel fo 


Figure 2-6. Example of LEDSP Execution 


Table 2-3. Relation between Segment Data and Display 











Segment Data Display segment Data Display 
$CO U $92 - 
$F9 $82 6 
$a4 2 $D8 y 
$B0 5 $80 i. 
$99 Uy $90 z 





2. User Notes 


The following procedure must be performed before LEDSP execution. 
a. Initialize digit data. 
b. Initialize display RAM pointer. 


c. Select port 1 and port 6 as output. 
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Program Module Name: DRIVE LED 





Description: 


MCU/MPU: HD6301Y0 Label: LEDSP 





ad. Initialize timer control/status register 1 so that output compare 
interrupt 1 can be enabled. 


e. Enable interrupts. 


f. Store entry arguments. 


3. RAM Allocation 


Label 


SEGD 





RAM Description 


8-digit segment data 


Used as a pointer indicating display RAM 
Digit data 


4. Sample Application 


| 

| 

i 
LDAA 
STAA 
CLR 


LDAA 
STAA 
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#$01 |, 
DECD | 
DSCNTR 
#$07 
DSCNTR+1 
#$01 
P1DDR 
#$FF 
P6DDR 
#$08 
TCSRL 


eee Initialize digit data 


berate Initialize display RAM pointer 


wesc at Select port 1 and port 3 as output. 


euetals Enable output compare interrupt. 


ree Enable interrupts. 
#$F100 
#SEGD 
DEA 

#8 
MOVE 


ee Load entry arguments. 


Nee a a 


$F100 
$D8, $82, $92, $99, $BO, $A4, $F9, $CO ..... Display data 
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Program Module Name: DRIVE LED MCU/MPU: HD6301Y0 





Label: LEDSP 





Description: 


os 


Basic Operation 


a. 


Each digit is dynamically displayed one by one from the 10° digit every 
interrupt. 


In the interrupt routine, the procedure below is performed. 
i. A specific digit signal is set to Low to turn off its display. 


ii. Segment data for next digit is read from display RAM and output 
to ports. 


iii. Digit signal is set to High to turn on display. 


DSCNR(RAM) is used as a pointer to display RAM, and incremented every 
interrupt. After 107 digit displayed, DSCNR(RAM) is cleared. 


DECD (RAM) contains digit data, and is shifted 1 bit left to indicate next 
display digit. 
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Program Module Name: DRIVE LED MCU/MPU: D6301Y0 












Flowchart: 
LEDSP 
LEDSP 
(TCSR1)—ACCA Enable output compare interrupt l. 
Initialize output compare register l 
to execute interrupt every 1.25 ms 
(OCR1) +#1250-OCR hereafter. 
Set digit signal to Low to turn off 
$00->P6DTR Sal sae 
display. 
catenins aba ---| Load pointer to display RAM. 
(SEGD+IX)—P1DTR ---{ output segment data to port l. 
(DECD)—P6DTR ---| output digit data to port 6. 
CDSCNTR+1)~-1 ae ; 
SDSCNTR+1 Decrement pointer to display RAM. 
(7, DECD)=1 | 
aa --- nest if 8 digits have been displayed\ 
(7, DECD) =0 
Shifts DECD (RAM)} ---14 store digit data for next interrupt. 
1 bit left 
LEDSP1 
$01—+> DECD ---] Initialize digit data. 


Initialize pointer to display RAM. 


7>DSCNTR+1 


Nea 


LEDSP2 


RTI 
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2.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


2.5 PROGRAM LISTING 


00001 * 
00002 HOKOIOK RAM ALLOCATION FORO OKO OK HOR OK OK OK HOR K KOK 
00003 > 
00004A 0040 ORG $40 
0000S * 
OO006A 0040 0008 A SEGD RMB 8 8-digit segment data 
O0007A 0048 0002 A DSCNTR RMB 2 Display RAM pointer 
OO0008A OO04A 0001 A DECD RMB 1 Digit data 
OO009A 004B 0002 A DEA RMB Z Destination address 
00010 * 
00011 YORK K SYMBOL DEFINITIONS OR IOR ORO OOK OK OK OOK OK OK OK OK 
00012 * 
00013 0000 A P1DDR- EQU $00 Port 1 data direction register 
00014 0002 A PIOTR  EQU $02 Port 1 data register 
00015 0008 A TCSR1 EQU $08 Timer control/status register 1 
00016 0009 A FRC EQU $09 Free running counter 
00017 ~ QO00B A OCRI EQU $0B Output compare register 1 
00018 0016 A P6DDR EQU $16 Port 6 data direction register 
00019 0017 A P6éDTR- EQU $17 Port 6 data register 
00020 FORO OO OIOROOIORORO OOOO OI OROOOOK OK OOOO HOR IO HOOK KKK KOK 
00021 * * 
00022 * MAIN PROGRAM : LEDMN >» 
00023 * * 
00024 OOOO OK IOROOIOR OOO ORO IORI OO IO OR IORI OOK OK IOKOK 
00025 x 
00026A COO0O ORG $CO00 
00027 * 
000284 COOO 8E 013F A LEDMN LDS H$13F Initialize stack pointer 
00029A C003 86 Ol A LDAA H$O1 Initialize digit data 
00030A COOS 97 4A A STAA DECD | 
00031A COO? 7F 0048 A CLR DSCNTR Initialize display RAM pointer 
00032A COOA 86 O07 A LDAA H7 
00033A COOC 97 49 A STAA DSCNTR+t1 
00034A COOE 86 O01 A LDAA H$01 Select port 1 and port 6 as outaut 
00035A C010 97 OO A STAA P1DDR 
00036A C012 86 FF A LDAA HOFF 
00037A C014 97 16 A STAA P6éDOR 
00038A C016 86 08 A LDAA $08 Enable OCI interrupt 
00039A C018 97 08 A STAA TCSR1 
O0040A CO1A OE CLI Enable interrupts 
00041A CO1B CE F100 A LDX HSF100 Load source address 
00042A CO1E CC 0040 A LDO HSEGD Load destination address 
00043A C021 DD 48 A STD DEA 
00044A C023 C6 08 A | LDAB #8 Load no. of bytes to be moved 
00045A CO2S 8D 02 C029 BSR MOVE Move segment data to display RAM 
00046A CO2? 20 FE CO27 PEND BRA PEND End of program 
00047 OOOO OOOO OOOO ORO OK OR OR OK IORI HORROR OK KOK IOK OK 
00048 * X 
00049 * NAME : MOVE ¢CMOVE MEMORY BLOCKS) > 
000S0 * | 
00051 OOOO ICICI ORO ORIOOOK IO IOIOIOK IOI IOK KOK KOK KOK KOK IOKOOK KOK 
00052 > si 
00053 * ENTRY : IX (SOURCE STARTING ADDRESS) > 
00054 * DEA <DESTINATION STARTING ADDRESS) * 
00055 * ACCB (NO. OF BYTES) > 
00056 * RETURNS : NOTHING *« 
00057 * * 
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000s8 SOOO OOOO ICO CIOIIOR IOI IO IO IO IOI OOOO IORI OHOK KOK KOK IK 


00059A C029 A6 00 A MOVE LDAA 0.X Load transfer data 

QO060A CO2B 08 INX Increment source ADDR 
00061A CO2C 3C PSHX Push source ADDR 

00062A CO2D DE 4B A LOX DEA Load destination ADDR 
00063A CO2F A? OO A STAA 0.x Store transfer data 

00064A C031 08 INX Increment destination ADOR 
OO006SA C032 OF 4B A STX DEA Store destination ADDR 
00066A C034 38 PULX Pull source ADDR 

00067A CO3S SA DECB Decrement transfer counter 
00068A C036 26 Fl C029 BNE MOVE Loop until transfer counter = O 
O0069A C038 39 RTS 

00070 | YOOIOOOQOIOIOOOOOIOOOO OOOO IO OI OOOO I ORK KK KOK KKK 
00071 x * 
00072 * NAME : LEDSP CORIVE LED) * 
00073 * | * 
00074 7 FOO RIGOR OOOO OOOO OK OOOO OOOO TOKO HOO IO IOKAOKK 
0007S . > : * 
00076 * ~ ENTRY : SEGD CDISPLAY DATA) »K 
00077 Bs RETURNS : NOTHING * 
00078 * * 
00079 ORO OOO OR IOIOOKOOR OOK ORO OR OOOO IOK OR KORO IO KK OK OK K HOK 
00080A C039 96 08 A LEDSP LDAA TCSR1 

00081A CO3B DC OB A LDD OCR1 Set interrupt timing 
00082A C0O3D C3 O04E2 A ADDD #1250 

00083A C040 DOD OB A STD OCR1. 

00084A C042 ?F O01? A CLR P6DTR Turn off display 

OO08SA CO4S DE 48 A LOX OSCNTR Load display RAM pointer 
O0086A C047 A6 40 A LDAA SEGD. X Output segment data 

OO0087A C049 97 02 A STAA P1OTR 

OO0088BA C04B 96 4A A LDOAA DECD Output digit data 

O0089A CO04D 97 17 A STAA P6DTR 

OOO90A CO4F 7A 0049 A DEC OSCNTR+1 Decrement display RAM pointer 


00091A COS2 7B 80 4A BTST 7,DECD 8-digit displayed? 

00092A COSS 26 OS COSC BNE LEDSP1 

00093A COS? 78 004A A ASL DECD Store next digit data 
00094A COSA 20 08 C064 BRA LEDSP2 

OO095SA COSC 86 O01 A LEDSP1 LDAA #SO1 Initialize digit data 
QOO096A COSE 97 4A A STAA DECD ee 
00097A CO60 86 OF A LDAA #7? Initialize display RAM pointer 
OO0098A C062 97 49 A STAA DSCNTR+t1 

00099A C064 38 LEDSP2 RTI 

00100 OKIOROROROROOROROOROOR OOOO OOOO OOROOR OK OK IOI OOOO OK OK IOK KKK AK 
00101 * * 
00102 »* . DATA TABLE K 
00103 * . * 
00104 ORO CORO CORO OKI OK IO HIOK HORI OK OOK IOKKOK 
00105 * | 

00106A F100 . ORG $F 100 

00107 * | 

00108A F100 D8 A FCB $08,$82,$92,$99,$B0, $A4,$F9,$C0 
00109 . ORO OOOOORO OIC OR OR OK OOOO HOR IOI OK IOI OK FORK IKK AOK KOHKOK 
00110 * ok 
00111 * | VECTOR ADDRESSES « 
00112 OK | * 
00113 OOOO ORO IOIOIOK KORO OR OR OK OK IOK KOK 10% 0K 0K 2K KK KKK KK KOK KKK 
00114 * 
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00115A 
00116 

00117A 
00118A 
00119A 
00120A 
Q0121A 
00122A 
Q0123A 
00124A 
0012SA 
00126A 
00127A 
00128 

00129 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


COO0 
COO00 
COO00 
COO00 
COO0 
C039 
COO00 
CO00 
COO00 
COO00 
C000 


DPrRrrprrrrrpr7rrTryp 


ORG SFFEA 
FOB LEOMN IRQ2 
FOB LEOMN CMI 
FOB LEDMN TRAP 
FOB LEOMN SIO 
FOB LEOMN TOI 
FOB LEDSP OCI 
FDB LEDMN ICI 
FDB LEDMN IRQ1/ISF 
FOB LEDMN SWI 
FOB LEDMN NMI 
FOB LEOMN RES 
ENO 
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SECTION 3. DUTY CONTROL OF PULSE OUTPUT AND DA CONVERSION 


3.1 HARDWARE DESCRIPTION 


3.1.1 Function 


301.2 


Outputs pulse with 0-100% duty rate and performs digital-to-analog 


conversion of output pulse with an external integration circuit. 


Microcomputer Operation 


3.1.4 


896 


The HD6301Y0 increases duty rate by 4% every 0.3s. This increase in 
duty rate changes the output voltage from 0 to 5 V in 0.2 V increments. 
High or Low is output from the Tout3 pin by executing the counter 
match interrupt routine with timer 2. In addition, the High and Low 
Period of the pulse is controlled by changing values in the time 


constant register. 


Peripheral Devices 


Integration circuit: Performs level conversion of the output pulse 
through the HD14050B, and converts the result from digital to 
analog. The operational amplifier here prevents the fluctuation 


of analog output voltage caused by the load in the user system. 


Circuit Diagram 


Pulse output circuit is shown in figure 3-l. 


MCU 
HD6301Y0 
(HD6308Y) 





Figure 3-1. Pulse Output Circuit 


HITACHI 


3.1.5 Pin Function 


Pin function for output pulse is shown in Table 3-1. 


Table 3-1. Pin Function 


Pin Name Input/ Active Level Program 
(HD6301Y0) Output (High or Low) Function Label 
Pog/Tout3 Output — Outputs pulse — 





3.1.6 Hardware Operation 


Pulse output and DA conversion is shown in figure 3-2. 


Tout3 


(Duty 40%) 


Output after 
DA conversion 





Figure 3-2. Pulse Output and Output State after DA Conversion 
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3.2 SOFTWARE DESCRIPTION 


3.2.1 Program Module Configuration 


The program module configuration for pulse output is shown in figure 3-3. 


2 


SET DUTY OUTPUT PULSE 





Figure 3-3. Program Module Configuration 


3.2,2 Program Module Functions 


Program module functions are summarized in table 3-2. 


Table 3-2. Program Module Functions 


No. Program Module Name Label Function 


O MAIN PROGRAM DUMN -Outputs pulse. 
1 SET DUTY DUSET Sets duty rate of pulse. 
2 OUTPUT PULSE DUOUT Outputs pulse. 


3.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 3-4 is an example of controlling pulse output | 
and digital-to-analog conversion, using the program module in figure 


Br 3s 
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DUMN Main Program 

DUMN 
$183F—SP ---| Initialize stack pointer. 

Oo-WORK | Initialize RAM for work area. 

$ 5 


Initialize timer control register 3 to enable 
A~TCSR8 +4 


counter match interrupt, enable clock input to 
timer 2 up counter, and select E clock/128. 
O>Bit I ---| Enable interrupt. 
DUMN1 


(WORK)—VCOUNT --- Load entry argument of DUSET. 


| DUSET | ---| Execute DUSET to set duty rate of pulse. 
(VCOUNT) +1 
—+-VCOUNT 


( VCOUNT ) #26 
: ---4 Increment duty rate for next pulse output. 
(VCOUNT )=26 
0—-VCOUNT 


(VCOUNT)-WORK 


$FF>IX 
$FF-ACCA 
DUMN4 
(ACCA)—1-ACCA 
---+ Execute 0.3s software timer. 
=0 














(ACCA) #0 mca 


(ACCA) 


(IX)-1->I1xX 


(IX)=0 


DUOUT 


DUOUT 


OUTPUT PULSE 


CMI Interrupt Routine. 






--- Execute DUOUT to output pulse. 


Figure 3-4. Program Module Flowchart 
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3.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: srr putTy MCU/MPU: HD6301YO0/ Label: DUSET 
HD6303Y 


Function: 


Defines pulse status, which is output in DUOUT, based on duty rate. 


Arguments: Changes in CPU | Specifications: 


Storage No. of Registers and Flags: 


Location Bytes ACCD | 
ACCA ACCB ROM (Bytes): 55 


Contents 


Entry Duty VCOUNT i; RAM (Bytes): 4 


t | RAM | 
rate ( ) Stack (Bytes): 0 


No. of cycles: 49 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes . 
High HT IME 
period of (Ram) 
pulse 


Low period LTIME 
of pulse (RAM ) 


Pulse HLOUT 
status (RAM) 
flag : 


Not affected 
Undefined 
Result 


Description: 
1. Function Details 


a. Argument details 


VCOUNT (RAM): Duty rate as a hexadecimal number. 
(Duty rate=1/4 actual duty rate. See."2. User Notes".) 
HTIME (RAM) : High period of pulse. 
LTIME (RAM) : Low period of pulse. rT 3 
HLOUT (RAM) : Flag indicating which output is performed: Low consecutive 
output, High consecutive output, or pulse output. 
Table 3-3 shows flag functions. | 


Specifications Notes: 
"No. of cycles" in "Specifications" represents the number of cycles required when 
duty rate is other than 0% or 100%. 
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Program Module Name: SET DUTY 


MCU/MPU: 1D6301Y0/ Label: pUSET 


HD6 303Y 





Description: 


Table 3-3. Flag Functions 





Label bit 1 bit 0 Function 

HLOUT O @) Outputs Low consecutively from Tout3 pin. 
1 0 Outputs Pulse from Tout3 pin. 
1 1 Outputs High consecutively from Tout3 pin. 

b. Example of DUSET execution is VCOUNT 
shown in figure 3-5. If entry b7 bO 
argument is as shown in part @ @ Entry VCOUNT (RAM) 

; ; argument ($0A) 
of figure 3-5, High and Low 
period of duty 40% pulse are 
stored as shown in part Q)of 
figure 3-5. HTIME 
b7 bO 

c. DUSET calls neither the program HT IMEC RAM) es a 7 
modules nor subroutines. Cee fet] 

(2 Return LT IME( RAM) 
ets) a 
2. User Notes HLOUT 


HLOUTC RAM) 
($02) 


Figure 3-5. Example of DUSET 
a. Reserve the High and Low Execution 
period of pulse in a data table. 


The following procedure must be 
executed before DUSET execution. 


b. Load entry argument. 


c. When specifying duty rate, load the actual duty rate divided by 4, since 
duty rate is defined every 4%. 


ad. Data in VCOUNT(RAM) must be within the range $O0SVCOUNTS$16, otherwise 
neither the High nor Low period of pulse can be obtained. 


3. RAM Allocation 





Label RAM Description 
b/7 bO 
HTIME l High period of pulse 
LTIME } Low period of pulse 
HLOUT } Pulse status flag 
VCOUNT } Duty rate 
©) HITACHI 
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Program Module Name: SET DUTY MCU/MPU: HD6301Y0/ 


HD6 30 3Y 





Description: 


4. Sample Application 
l 


t 
LDAA #$10 
STAA vcounT { ~""""" 


| gsr DUSET | eee Call DUSET.: 


5. Basic Operation 


Load entry argument. 


a. DUSET execution stores High and Low period of pulse in HTIME : LTIME(RAM) 
from a data table based on duty rate 
Data in data table contains actual High and Low periods less 1 as shown 
in Formula l. 
Cycle of pulse={(High period of pulse +1) + (Low period of pulse +1)} 
x 128uUs =12.8 msS........ (Formula 1) 


io i. VCOUNT(RAM) is used as a pointer to data table. 


ili. Duty rate is checked and: 


If duty rate is 0% or 100%, define pulse status flag to output Low 
or High consecutively. Next, hold High and Low period of pulse so 
that counter match interrupt is executed at a duty rate of 50%. 


If duty rate is 4 V 96%, load High and Low period of pulse using 
index addressing mode, and then define flag to output pulse. 
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Program Module Name: SET DUTY 





Flowchart: 
DUSET 
( VCOUNT)=$00 
‘VCOUNT )=$00 








(VCOUNT )4$ 00 


0-0, HLOUT 


o—1, | om, HLOUT | 





















l1>1, HLOUT 


DUS ET2 


49—-HTIME 
49—>LTIME 


(VC OUNT)~ACCB 
HTDATA—17>1X 
(IX)+(ACCB)— 1X 


(I1X)—-HTIME 


LTDATA—1— I X 
(IX)+(ACCB)-—> IX 


(IX)—~> LTIME 
0-0, HLOUT 


1—>1,HLOUT 


DUSET4 





Goyer 


MCU/MPU: HD6301Y0/ 


Label: DUSET 


HD6 30 3Y 


Test if duty rate is 0%. 


| Define flag to output Low 


consecutively from Tout 3 pin. 


Test if duty rate is 100%. 


Define flag to output High 
consecutively from Tout 3 pin. 


Load duty rate. 


E- High and Low period of pulse to 


execute interrupt at a duty rate of 50%. 


Load pointer in data table for Low 
period,into Ix. 


Load pointer in data table for High 
period into Ix. 


Store High period of pulse. 


Store Low period of pulse. 


Define flag to output pulse from 
Tout 3 pin. 
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Program Module Name: OUTPUT PULSE MCU/MPU: HD6301Y0/ 
6 | HD6 303Y 


Function: 


Output pulse from Tout3 pin. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 
Location Bytes  -aneep | 
Entry High HTIME 1 | RAM (Bytes): 3 
period of (Ram) 
BS S02 ee eed eee ee ea | Stack (Bytes): O 
Low period LTIME No. of cycles: 41 
of pulse (RAM) 


Contents 


Reentrant: No 


Pulse HLOUT 
status (RAM) 
flag | Interrupt OK?: No 


Relocatable: No 


Not affected 
Undefined 
Result 


Description: 


1. Function Details 


a. Argument details 


HTIME (RAM) : High period of pulse. 

LTIME (RAM): Low period of pulse. ae : 

HLOUT (RAM): Flag indicating which output is performed: 

3 Low consecutive output, High consecutive output, or pulse 
output. | 
Table 3-4 shows flag functions. 


Specifications Notes: 
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Program Module Name: OUTPUT PULSE 





Description: 
Table 3-4. Flag Functions 
Label bit 1 bit 0 Function 


cr 


MCU/MPU: 





HD6301Y0/ 
HD6303Y 


Label: DUOUT 


er eee rc Pt DR LLL ALL 








HLOUT 0 0 Output Low consecutively from Tout3 pin. 
Hl 0 Output Pulse from Tout3 pin. 
1 1 Output High consecutively from Tout3 pin. 





b. Example of DUOUT execution is 
shown in figure 3-6. If 
entry arguments are as shown 
in part @ of figure 3-6, duty 
rate 40% pulse is output as 
shown in part @)of figure 3-6. 


c. DUOUT calls neither the program 
modules nor subroutines. 


User Notes 


a. Initialize timer control 
register to enable counter match 
interrupt, enable clock input to 
timer 2 up counter, select E 
clock 1/128. 7 


b. Enable interrupts. 


c. Store entry arguments. 


RAM Allocation 
Label 
b7 bO 
HT IME 
LTIME 
HLOUT 


b7  HTIME bO 


M 
a eee : b7_LTIME _b0 
nerd sat |ETEMEGRAM[_e Te] 
argument ($386) 


b7  HLOUT  bO 


HLOUT( RAM) [—[—]—]—[—-|—-[2] 0] 


40 60 


‘ 


2) Result { Tout 3 
Duty 40% 


Example of DUOUT 
Execution 


Figure 3-6. 


Description 


High period of pulse 
Low period of pulse 
Pulse status flag 
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Program Module Name: OUTPUT PULSE MCU/MPU: HD6301Y0/ Label: DUOUT 


HD630 3Y 





Description: 


4. Sample Application 


WORK1 RMB | ne ori Reserve memory for duty rate. 
| 
meee a fees Initialize timer control register. 
CEL -..... Enable interrupt. 
LDAA WORK1L | 
| STAA VCOUNT fF ..... Load entry argument of DUSET. 


JSR DUSET 
1 


5. Basic Operation 


ae Data in HTIME(RAM), LTIME (RAM) is loaded in time constant register, and 
pulse output. 


b. i. Output status is checked and converted (High Low or Low > High) at 
every timer interrupt. At this time, High and Low period of pulse 
is loaded into time constant register. 


ii. If duty rate is 0% or 100%, define time constant register at a duty 
rate of 50%, and maintain output status (High* High or Low~ Low). 
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MCU/MPU: HD6301Y0/ Label: pDuUOUT 


Program Module Name: OUTPUT PULSE 
HD6303Y 





Flowchart: 


DUOUT 






__. Clear counter match interrupt 
request flag. 


__| Test if previous output is High 
or Low. 


(2, TCSR3) #40 


es Load Low period of pulse into time 
constant register. 


~~ est if duty rate is 08. 


If duty rate is not 0%, output 
High from Tout 3 pin. 


Load High period of pulse into time 
constant register. 


(0, HLOUT)=41 


| tes if duty rate is 100%. 


If duty rate is not 100%, output 
Low from Tout 3 pin. 
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3.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


3.5 PROGRAM LISTING 


908 


00001 
00002 
00003 
Q0004A 
0000S 
OO006A 
OO0007A 
O0008A 
OOQ009A 
00010A 
OOO11A 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023A 
00024 
00025A 
Q0026A 
Q0027A 
00028A 
00029A 
00030A 
O0031A 
00032A 
00033A 
00034A 
Q0035A 
O0036A 
00037A 
O0038A 
00039A 
00040A 
O0041A 
00042A 
00043A 
00044A 
00045A 
00046A 
00047A 
Q00048A 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
OO00S? 


0040 


0040 
0041 
0042 
0043 
0044 
0045 


C000 


COQ00 
C003 
CO04 
C006 
C008 
COOA 
COOB 
COOD 
COOF 
COl1 
CO13 
CO14 
CO16 
C018 
CO1A 
CO1B 
CQ10 
CO1F 
CQO22 
C024 
CQO25 
CO27 
C028 
CO2A 


* 
KK HOOK 
* 


* 


0001 A 
0001 A 
0001 A 
0001 A 
0001 A 
0001 A 
001B A 
0OO1iC A 
O13F A 
45 A 
SA A 
1B A 
45 A 
4] A 
3E CO4F 
41 A 
41 A 
1A a 
03 CO1D 
41 A 
4S A 
OOFF A 
FF A 
FD C024 
F8 CO22 
DF coos 


DATA 
VCOUNT 
HTIME 
LTIME 
HLOUT 
WORK 
* 
NOHOKOK 
*K 
TCSR3 
TCONR 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


SYMBOL 


EQU 
EQU 


$40 


RRR Ree pe 


OK HC OK DC DK OK CEC IC I I 0 I 2K 2K IK OK IC IC CK 2K OK OK 


Duty data 

Duty rate : 

High period of pulse 

Low period of pulse 

Pulse status flag 

Work area for entry argument 


DEFINITIONS okokok oo ROR IO OOK IO HOR I AOK K 


$1B 
$1C 


Timer control/status register3 
Time constant register 


ROOK IO OK OK OK OKOROK OK OK AOR OK OI OKOK OR OK HOR KOK HOR KOR OK OI OK OK KOR OK I OIOK KOK ACK OK 


* 
* 
* 


MAIN PROGRAM : 


ok 


DUMN * 


Kk 


PK OK > DC OK OK 2K KK KOK OK OK KOC OIC KOK IKKE OK HOOK CK KK OE OK OK OK 


* 


*K 
DUMN 


DUMN1 


DUMN2 


DUMN3 
DUMN4 


ORG 


LDS 
CLRA 
STAA 
LDAA 
STAA 
CLI 
LDAA 
STAA 
BSR 
LDAA 
INCA 
STAA 
CMPA 
BNE 
CLRA 
STAA 
STAA 
LDX 
LDAA 
DECA 
BNE 
DEX 
BNE 
BRA 


$CO000 
H$13F 


WORK 
HSSA 
TCSR3 


WORK 
VCOUNT 
DUSET 
VCOUNT 


VCOUNT 
#26 
DUMN2 


VCOUNT 
WORK 
KSFF 
HSFF 


DUMN4 


DUMN3 
DUMN1 


Initialize stack pointer 
Clear RAM for work area 


Initialize TCSR3 


Enable interrupt 
Load entry argument of DUSET 


Execute DUSET 
Increment duty for next pulse 
DUTY+4%->entry argument 


DUTY=104% 7? 
Store 0% duty 


Store duty in entry argument 
Execute 0.3s software timer 


DOK OK KO KKK KK OK HE NOK KK ICRC ORC CK KC OKC CC 2 HC OK EC KCC DC 2K 2 OC CCK KC DK OK 


* 
*K 
* 


NAME 


* 


> DUOUT COUTPUT PULSE) * 


* 


DEK OK HOOK OHO OOK HOOK KK EHO OK HC HO HE ACK DG HC IC OK 216 aK OK IC HC COOK OK COI 2K IC CK 2K 2K 


* 


*K 
* 
*K 


ENTRY : HTIME CHIGH PERIOD OF PULSE) * 
LTIME (LOW PERIOD OF PULSE) ok 
HLOUT ¢CPULSE STATUS FLAG) * 
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00058 * RETURNS : NOTHING ok 


00059 * * 
00060 OOOO ORO ORO ORO OR OOOO OOOO SK OK OK TOK KK AOI HOK K 
00061A CO2C 71 7’F 1B DUOUT BCLR 7,7CSR3 Clear interrupt request flag 
00062A CO2F 7B 04 18 BTST 2,TCSR3 Output is High or Low ? 
00063A C032 27 OE C042 BEQ DUOT1 Branch if Low output 
00064A C034 96 42 A LDAA HTIME Store High period in TCONR 
O006S5A C036 97? 1C A STAA TCONR 

O00066A C038 7B O01 44 BTST O.,.HLOUT OUTY=100% ? 

00067A CO3B 26 11 COGE BNE DUOT2 

00068A CO3D 71 FB 1B BCLR 2,1TCSR3 Output Low 

O00069A C040 20 OC COGE BRA DUOT2 

OO0070A C042 96 43 A DUOT1 LDAA LTIME Store Low period in TCONR 
O00071A C044 97 IC A STAA TCONR 

00072A C046 7B 02 44 BTST 1,HLOUT DUTY=0% 7? 

O0073A C049 27 O03 COGE BEQ DUOT 2 

O00074¢A CO4B 72 04 1B BSET 2,7CSR3 Output High 

OOO7SA COGE 3B ODUOT2 RTI 

00076 FORO OOOO OOOO OOOO OOOO OOOOOOIOK KORO KKK OK KOK K 
00078 > NAME : DUSET ¢SET DUTY) »K 
00079 * K 
00080 POOR OOOO ICO OOOO OOOO OOO OK KOK OK KOK KOK KOK kK KOK IK 
00081 * x 
00082 * ENTRY : VCOUNT ¢CDUTY RATE) »K 
00083 »K RETURNS : HTIME CHIGH PERIOD OF PULSE) K 
00084 > LTIME «LOW PERIOO OF PULSE) a 
00085 >» HLOUT c¢PULSE STATUS FLAG) > 
00086 x si 
00087 OOOO IOIOIOIOOROOO OOOO OOOO ORO OOOO OOK HOOK KK OK 
OQ08BA COGF 96 41 A DUSET LODAA VCOUNT 

00089A COS1 26 O08 COSB BNE DUSET1 © Test if duty=0% 

OO090A COS3 71 FE 44 BCLR O,HLOUT Define flag to output Low 
O0091A COS6 71 FD 44 BCLR 1,HLOUT 

00092A COSY 20 OA C065 BRA DUSET2 

00093A COSB 81 19 A DUSET1 CMPA #25 Test if duty=100%? 

O00094A COSD 26 OE CO6D BNE DUSET3 

OOO9SA COSF 72 O1 44 BSET O,HLOUT ODefine flag to output High 
00096A C062 72 02 44 BSET 1,HLOUT 

00097A CO6S 86 31 A DUSET2 LDAA H49 Set SO% duty rate 

00098A C067? 97 42 A) STAA HTIME 

O0099A C069 97 43 A STAA LTIME 

00100A CO06B 20 18 CO&S BRA DUSET4 

00101A CO6D D6 41 A DUSET3 LDAB VCOUNT 

00102A CO6F CE CO8S A LDX HHTDATA-1 Load duty rate 

00103A CO?72 3A ABX 

00104¢A C073 A6 OO A LDAA O.X Load High period pointer into IX 
0010SA CO7S 97 42 A STAA HT IME Store High period of pulse 
00106A CO77 CE CO9D A LDX HLTDATA-1 Load Low period pointer into IX 
O0O107A CO7A 3A ABX 

00108A CO7B A6é O00 A LDAA 4% 

00109A CO?7D 97 43 A STAA LTIME Store Low period of pulse 
00110A CO’F 71 FE 44 BCLR O,HLOUT Define flag to output pulse 
00111A.CO82 72 O02 44 BSET 1,HLOUT 

00112A CO8S 39 DUSET4 RTS | 
00113 OOOO OK ORO OR IOC IORI OOOO KOI KK KOK KOK AK IK KI KOK KOK 
00114 K * 
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00115 

00116 

00117 

00118A 
001194 
00120A 
00121A 
00122A 
00123A 
00124A 
0012SA 
Q0126A 
00127A 
00128A 
00129A 
00130A 
00131A 
00132A 
00133A 
00134A 
001354 
Q0136A 
00137A 
00138A 
00139A 
00140A 
00141A 
00142A 
00143A 
00144A 
0014SA 
00146A 
00147A 
00148A 
00149A 
00150A 
00151A 
00152A 
Q0153A 
00154A 
OO1SSA 
Q0156A 
O01S7A 
Q0158A 
00159A 
00160A 
00161A 
00162A 
00163A 
00164A 
OO16SA 
00166 

00167 

00168 

00169 

00170 

00171 


C086 
C087 
C088 
C089 
CO8A 
CO8B 
CO8C 
CO8D 
CO8E 
CO8F 
CO90 
CO91 
CO92 
CO93 
CO94 
CO9S 
CO96 
CO9? 
CO98 
CQO99 
CO9A 
CO9B 
CO9C 
CO9D 
CO9E 
CO9F 
COAO 
COA1 
COA2 
COA3 
COA4 
COAS 
COAG 
COA? 
COA8 
COA9 
COAA 
COAB 
COAC 
COAD 
COAE 
COAF 
COBO 
COB1 
COB2 
COB3 
COB4 
COBS 


RPrprrrrrrrrrrrrrrrrrrrrrrrrrrprrrrrrrrrrryryrrryrrrrTyp 


*#* 
* 


DATA TABLE 


*K 
Ag 


SOCIO IO IO IOI OK IOI OK OK I KOK 212K 2k KKK KK KOK OK KCK 1K 2K 24 KK 241 0K 0K 
A HTDATA FCB 


LTDATA 


FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 


3 *xHigh period of pulse 
> 
11 
15 
19 
23 
27 
31 
35 
39 
43 
47 


95 *xLow perid of pulse 


DK I 2 OC I I IC KC I IC CK I KK 2 2 OKC KC OK EC 2 CI HC OK DEC CC CHC OI IC ICC DIC OIC OIC OK OC OI KC KK 


* 
* 
*K 


VECTOR ADDRESSES 


* 
K 
* 


DK CK >I 2K 2K KK >I OKO OK CK OK 2 CK CK OK EC CROOK EC KC OK EHC OK DK 2K DIC IC OIC DK 2 2 2K OK 2K KK OK 


* 
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Q00172A 
00173 

O0174A 
00175A 
00176A 


O0177A 


00178A 
00179A 
00180A 
00181A 
00182A 
00183A 
00184A 
00185 

00186 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


CO00 
CO2C 


-CQ00 


C000 
CO00 
CO00 
CO00 
COOO 
C000 
C000 
CO00 


DYrrprprprrrrrTyp 


ORG 


FDB 
FDB 
FDB 
FOB 
FOB 
FOB 
FOB 
FDB 
FDB 
FOB 
FOB 


ENO 


SFFEA 
DUMN IRG2 
DUOUT CMI 
DUMN TRAP 
DUMN SIO 
OUMN TOI 
DUMN OCI 
DUMN ICI 
DUMN IROI/ISF 
DUMN SWI 
DUMN NMI 
DUMN RES 
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SECTION 4, PULSE WIDTH MEASUREMENT 
4.1 HARDWARE DESCRIPTION 


4.1.1 Function 


Measures the High period of a pulse to determine pulse width in the 
range from 100Us to 65535Us X with an accuracy of plus or minus lus; 


stores result as a binary coded decimal (BCD) number. 


4.1.2 Microcomputer Operation 


The HD6301YO uses the input capture interrupt function of timer 1 to 
fetch values in the free running counter on the rising and falling 
edges of the Tin pin, using the difference between these values to 


measure the pulse width. 


4.1.3 Circuit Diagram 
Pulse width measurement circuit is shown in figure 4-1. 
MCU 


HD6301Y0 
(HD6308Y) 


Pulse input 





Figure 4-1. Pulse Width Measurement Circuit 
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4.1.4 Pin Functions 


Pin functions for pulse width measurement is shown in table 4-1. 


Table 4-1. Pin Functions 





Pin Name Input/ Active level Program 
(HD6301Y0) Output (High or Low) Function Label 
Po9/Tin Input or Detects rising and falling 

edges. 


4.1.5 Hardware Operation 


Figure 4-2 shows pulse width measurement. Since oscillator frequency 


is 4 MHz, E clock cycle is lus. In figure 4-2, pulse width is 4uUs. 


Value counted by 
free running counter=N N=4 


E clock | | | F | { | { | ['s | | | 


Pulse width 





Figure 4-2. Measure Pulse Width 
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4.2 SOFTWARE DESCRIPTION 


4.2.1 Program Module Configuration 


The program module configuration for pulse width measurement and BCD 


conversion is shown in figure 4-3. 


CONVERT 
MEASURE HE XADECIMALS 
PULSE WIDTH | INTO BCD 





Figure 4-3. Program Module Configuration 


4.2.2 Program Module Functions 


Program module functions are summarized in table 4-2. 


Table 4-2. Program Module Functions 
No. Program Module Name Label Function 


0 MAIN PROGRAM PWMN Measures pulse width as a BCD number. 


1 MEASURE PULSE WIDTH PWCNT Obtains pulse width as a 2-byte 
hexadecimal number. 





2 CONVERT HEXADECIMALS HEX Converts 2-byte hexadecimal number 
INTO BCD into BCD number. (Refer to HEX in 
HD6 301/HD6303 FAMILY APPLICATION 
NOTES (SOFTWARE) for details. 
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4.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 4-4 is an example of the pulse width measurement 


performed by the program module in figure 4-3. 


Main program 


Initialize stack pointer. 


Initialize flag indicating whether or 
not pulse width measurement is completed. 


Select port 2 as input. 


Initialize timer control/status register 1 
to enable input capture interrupt and 
trigger on rising edge of Tin pin. 


Enable interrupts. 


completed. 
(0, ENDF)+0 


Load 2-byte hexadecimal pulse width into 
entry argument of HEX. 


er erege 
—HEXD: er erege 


Clear flag indicating pulse width 


| 040, ENDF measurement is completed. 


Call HEX to convert 2-byte hexadecimal 
pulse width into BCD number. 

Ges to HEX in HD6301/HD6303 FAMILY 
Cee NOTES (SOFTWARE) for details. 


(0, ENDF)=0 oe if pulse width measurement is 


Input Capture Interrupt Routine 


_.| Obtain Pulse width as a 2-byte hexadecimal 
number. 





Figure 4-4. Program Module Flowchart 
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4.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: MEASURE PULSE MCU/MPU: HD6301Y0/ Label: pwcntT 
. WIDTH  HD6303Y 


Function: 


Obtains pulse width as a 2-byte hexadecimal number, and stores result in PWDAT 
(RAM) . 


Arguments: | | Changes in CPU Specifications: 


Storage Registers and Flags: 
Contents T6eation 


ACCD 
ACCA ACCB ROM (Bytes) : 29 


Entry | xX RAM (Bytes): 5 
Stack (Bytes): 0 
No. of cycles: 400 
-Reentrant: No 
Relocatable: No 


Interrupt OK?: No 


Pulse 
width 


Flag in- 

dicating 

completion 

of measure- 

ment : Not affected 
Undefined 
Result 





Description: 


1. Function Details 


a. Argument details 


PWDATA (RAM): Contains pulse width as a 2-byte hexadecimal number. 


ENDF (RAM) : Contains flag indicating whether or not pulse width 
measurement is completed. 
Table 4-3 shows flag function. 


Specifications Notes: 
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Program Module Name: MEASURE PULSE 


MCU/MPU: HD6301Y0/ Label: PWCNT 
WIDTH 


HD6303Y 





Description: 


Table 4-3. Flag Functions 


Label bit 0 Function 
ENDF e) Indicates pulse width measurement is not completed. 
1 Indicates pulse width measurement is completed. 


b. Example of PWCNT execution is shown in figure 4-5. If pulse, whose High 
period of pulse is 150 Us, is input as shown in part @) of figure 4-5, 
measurement result is stored in PWCNT(RAM) as a hexadecimal number and 
"1" is stored in ENDF (RAM). 


1504s 
Tin 
@ Input pulse, pin 


Q) Return | b15 PWDATA PWDATA+1 bO 
PWDATA (RAM) 
arguments| ($0096) pO a 0 eo. 26 | 
ENDF (RAM) D7 ENDF bO 


($01) 


Figure 4-5. Example of PWCNT Execution 


c. PWCNT calls neither the program modules nor subroutines. 
2. User Notes 
The following procedure must be performed before PWCNT execution. 


a. Initialize flag indicating whether or not pulse width measurement is 
completed. 


b. Select bit 0 of port 2 as input. 


c. Initialize timer control/status register 1 to enable input capture 
interrupt and trigger or rising edge of Tin pin. 


d. Enable interrupts. 
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Program Module Name: MEASURE PULSE MCU/MPU: HD6301Y0/. Label: PWCNT 


WIDTH HD6 30 3Y 





Description: 


3. RAM Allocation 


Label RAM Description 
b7 bO | oo 
Values in input capture register or rising 
LCRUP edge of input pulse. 
PWDATA \ 2-byte hexadecimal pulse width. 
ENDF } Flag indicating whether or not pulse width 


measurement is completed. 


4. Sample Application 


BCLR O,ENDP —s_ nase Clear flag indicating whether or not pulse 
width measurement is completed. 
CLRA 
STAR P2DDR } Sua ayene Select port 2 as input. 
LDAA: #$12 i vee ; 
STAA TCSR1 tees euler Tee eee control/status register. 
CLI --..- Enable interrupts. 
PWMN1 BTST ee Test if pulse width measurement is 
BEQ PWMNI J ~"""° completed. 
LDD PWDATA ‘ 
STD wExo ff ccct° Store return arguments of PWCNT in RAM. 


5. Basic Operation 


a. Input pulse to Tin pin is evaluated as to whether input capture interrupt 
is generated on rising edge of pulse or on falling edge. 


b. If rising edge, value in input capture register is stored in ICRUP (RAM) 
and timer control/status register 1 is defined to generate next 
interrupt on falling edge of pulse. 


c. If falling edge, value in ICR(RAM) is subtracted from value in input 
capture register to obtain pulse width. Then, timer control/status 
register 1 is defined to generate next interrupt on rising edge of pulse. 
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MCU/MPU: 4D6301Y0/ Label: pwcnT 


Program Module Name: MEASURE PULSE 
HD6303Y 


WIDTH 


















Flowchart: 
PWCNT 
PWCNT 
(ICR)—>ACCD _| Clear input capture interrupt request 
flag. 
(1,TCSRL) =0 
__.}| Test whether interrupt is generated on 
rising edge of pulse or falling edge. 


(1, TCSR1) #0 


Store value in input capture register on 


(ICR) > ICRUP rising edge of pulse. 


Define timer control/status register 1 
to generate next interrupt on falling 
edge of pulse. 


aa ee pulse width by calculating 


O*+1, TCSR1 
PWCT1 


(ICR) — (ICRUP) 
+PWDATA 
1+1,TCSRL 


difference between rising edge and falling 
edge of input capture register. 






Store "1" in flag to indicate pulse width 
measurement is completed. 


Define timer control/status register l 
to generate next interrupt or rising 
edge of pulse. 
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4.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


4.5 PROGRAM LISTING 


00001 * 

00002 4OROKOK RAM ALLOCATION FOROIOOIOK HOR IOI OKI IORI OI OOO OK IOIOK 
00003 * 

O0004A 0040 ORG $40 

0000S * | 

OO006A 0040 0002 A ICRUP RMB 2 ICR data on rising edge 
O0007A 0042 0002 A PWOATA RMB 2 Pulse width data 

OOO08A 0044 0001 A ENDF RMB 1 Measurement completion flag 
O0009A 0045 0002 A HEXD RMB 2 Pulse width in HEX data 
ated 0047 0003 A DECD RMB 3 Pulse width in BCD data 

0011 * 

00012 KOK OK SYMBOL DEFINITIONS oO OOO OO OOK OK KK I KKK 
00013 * . 

00014 0001 A P2DDR_ EQU $01 Port 2 data dirction register 
00015 0008 A TCSR1 EQU $08 Timer control/status registerl 
00016 OOOD A ICR EQU $0D input capture register 
00017 OOOO OOOO OOOO IO OI IORI OOO OK ORO OKO OK IK KK HOOK 
00018 * * 
00019 * MAIN PROGRAM : PWMN * 
00020 * * 
00021 OCIOROOIOOOOIOR OIC IO ORIOOOK OK IO OI OI OOK KK OK KK KOK 
00022 * 

00023A C000 | ORG $CO00 
00024 | * | . 

0002S5SA COOO BE 013F A PWMN LDS ~~ H$13F Initialize stack pointer 
00026A CO03 71 FE 44 BCLR 0,ENDF Clear flag 

00027A C006 4F CLRA 

00028A COO? 937 Ol A STAA P2DDR 

00029A CO09 86 12 A LDAA H$12 Initialize TCSR1 
00030A CO0B 97 08 A STAA TCSR1 

00031A COOD OE . CLI Enable interrupts 
00032A COOE 7B O01 44 PWMN1 BTST 0,ENDF Test if measure pulse width end? 
00033A C011 27 FB COOE BEQ PWMN1 Branch if not 
00034A C013 DC 42 A LOD PWOATA Load pulse width in HEX data 
00035A CO1S DD 45 A STD HE XD 
00036A CO17 71 FE 44 BCLR 0,ENDF Clear flag 

00037A CO1A BD C038 A JSR HEX Convert HEX data into BCD data 
00038A CO1D 20 FE C0O1D PEND BRA PEND End of program 

00039 JOO OOO ORI OOOO OOOO OOOO KOK KOK K TOK KOK KOK KOK KOK 
00040 * *« 
00041 * NAME : PWCNT CMEASURE PULSE WIDTH)? 2 
00042 * > 
00043 SOCORRO OOK OOOO OKO OR IOC IO OO ORO IOI IOI OOO OK OK KOK KKK 
00045 * ENTRY : NOTHING * 
00046 K RETURNS : PWDATA CPULSE WIDTH) 

00047 * ENDF (MEASUREMENT COMPLETION FLAG) 
00048 * 
00049 Ree Ree nr en en mt eer rts 
OOOSOA COI1F OC OD A PWCNT LOD ICR Clear ICF 

OOOSI1A C021 7B O02 08 BTST 1,TCSR1 Branch if IEDG= 0 
000S2A C024 27 O07 CO2D BEQ PWCT1 

00053A C026 DD 40 A STD ICRUP 
O00054A C028 71 FD 08 BCLR ?,TCSR1 Define TCSR1 

000SSA CO2B 20 OA C037 BRA PWCT2 
000S6A CO02D 93 40 A PWCT1 SUBD ICRUP Calculate pulse width 

000S7A CO2F DD 42 A STD PWDATA store pulse width in PWDATA 
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Q00S8A C031 72 01 44 
QO0S9A C034 72 02 08 


QO0060A C037 3B 


00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072A 
00073A 
00074A 
00075A 
00076A 
00077A 
00078A 
00079A 
OO080A 
O0081A 
00082A 
00083A 
O0084A 
OOO08SA 
Q0086A 
00087A 
Q0088A 
00089 
00090 
00091 
00092 
00093 
00094 
QO095A 
00096 
00097A 
00098A 
O0099A 
00100A 
00101A 
00102A 
00103A 
00104A 
001054 
00106A 
00107A 
00108 
00109 


C038 
C039 
CO3A 
CO3C 
CO3E 
C040 
C043 
C046 
C049 
CO4B 
CO4D 
CO4E 
COSO 
COS1 
COS3 
COS4 
COS6 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


D pPrrprrrrrDp 


Fé C049 


EA C040 


COO0 
C000 
CO00 
CO00 
CO00 
C000 
CO1F 
C000 
C000 
COO00 
C000 


Drrrrryrpr7r77T pb 


BSET 0,ENDF Set flag 

BSET 1,TCSR1 Define TCSR1 
PWCT2 RTI 
SOOO OOO OOOO OOO IOROIOI ORI OOO OOO IO OI KORO II ORO OK ROK KOK KOK KK KK 
* K 
* NAME : HEX CCONVERT 2-BYTE HEXADECIMAL * 
* NUMBER INTO S-DIGIT BCD NUMBER) x 
* * 
FOO OK OOO I OOIOIOR OR OO OIRO IO OI OR IOI KOK HOOK OK 
* x 
* ENTRY : ACCD ¢2-BYTE HEXADECIMAL NUMBER) * 
* RETURNS : DECD <S-DIGIT BCD NUMBER) * 
x * 
OROIOR IOI OOK OOOO OOK OR OI OOO IQR OIOK IOI OK OK IORI OK OIOOK KOK OK KOK KOK 
HEX CLRA Clear ACCA 

CLRB Clear ACCB 

STD DECD. Clear S-digit BCD 

STAA DECD+2 

LDAB H16 Store shift counter 
HEX2 ASL HEXD+1 Shift MSB of HEXD to carry 

ROL HE XD 

LDX #3 Set addition counter ADDR 
HEX1 LDAA DECD-1,.X DECD * 2 + € -> ACCA 

ADCA DECD-1,X 

DAA Convert into BCD data 

STAA DECD-1.X Store S-digit BCD area 

DEX Decrement ADDR pointer 

BNE  HEX1 Loop until ADDR pointer=0 

DECB Decrement shift counter 

BNE HEX2 Loop until shift counter=0 

RTS 
DHE OK NC HC DIK IC IK DK DICK EC 2K IC KC KOK DC KK CC IC IK IC IK IK ICC I ICC IC CEC CC CIC IC ECC IK IK IC CK 
* * 
* VECTOR ADORESSES * 
* > 


DEAK OK DAK DH OK HC 2K OK ECE EC OK CK DC OC 2H EC EC KC CC 2 2 DH OC OC 2 OK I HC CK IC KIC CI 2 CK CC OK OK 
* 


ORG $SFFEA 
* 


FDB PWMN IRQ2 
FDB PWMN CMI 
FOB PWMN TRAP 
FOB PWMN STO 
FOB PWMN TOI 
FOB PWMN OCI 
FOB PWCNT ICI 
FDB PWMN IROL/ISF 
FOB PWMN SWI 
FOB PWMN NMI 
FOB PWMN RES 
: | 
END 
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SECTION 5, INPUT PULSE COUNT 
5.1 HARDWARE DESCRIPTION | 


5.1.1 Function > 


Counts input pulses up to 255 pulses; the count value is returned as a 


binary coded decimal (BCD ) number. 


5.1.2 Microcomputer Operation 


The HD6301Y0 uses TCLK pin to input pulses and timer 2 up counter to 
count the input pulses. Beginning and ending of pulse counting is 
performed by setting and clearing timer 2 enable bit in timer control/ 


status register 3. 


5.1.3 Circuit Diagram 


Input pulse measurement circuit is shown in figure 5-1. 


Pulse input 


oa 





Figure 5-1. Input Pulse Measurement Circuit 
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5.1.4 Pin Functions 


Pin functions of HD6301Y0 for counting pulses is shown in Table 5-1. 


Table 5-1. Pin Functions 


Pin Name Input / Active Level Program 
(HD6301Y0) Output (High or Low) Function Label 
P27/TCLK Input Se Inputs pulse event 





5.1.5 Hardware Operation 


Figure 5-2 shows input pulse count using TCLK pin of the HD6301Y0. 
To set start/end timing for counting input pulses, the procedure 


below must be performed in the main program. 


i. Set flag in STRTF(RAM). 
ii. Execute 200 ms software timer. 


iii. Clear flag is STRTF (RAM). 


TCLK pin 1 2 


Pulse count start End N: Number of 
(N=0) (N=5) Pulses 





Figure 5-2. Input Pulses Count 


re 
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5.2 SOFTWARE DESCRIPTION 


5.2.1 Program Module Configuration 


The program module configuration for input pulse count is shown in 


figure 5-3. 


PLSCNT 


CONVERT 
COUNT HEXADECIMALS 
PULSES : INTO BCD 





Figure 5-3. Program Module Configuration 


5.2.2 Program Module Functions 


Program module functions are summarized in table 5-2. 


Table 5-2. Program Module Functions 


No. Program Module Name Label Function 





0 MAIN PROGRAM | PLSMN Counts input pulses as a BCD numbers. 
a: COUNT PULSES PLSCNT Counts input pulses as a hexadecimal 
| number. | | | 
2 CONVERT HEXADECIMALS HEX Converts 2-byte hexadecimal number 
INTO BCD. into BCD number. Refer to HEX in 


HD6301/HD6303 FAMILY APPLICATION 
NOTES (SOFTWARE) for details. 
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5.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 5-4 is an example of counting input pulses, 


performed by the program module in figure 5-3. 


PLSMN Main program 


PLSMN 


$18F — SP Initialize stack pointer. 


Initialize timer control/status register 3 
to input external clock and disable clock 
input to timer 2 up counter. 


$03—>TCSR838 


170, STRTF Set "1" in start/stop request flag. 


aa PLSCNT Execute PLSCNT to count input pulse. 






(ACCA) =0 


(IxX)-1->I1xX 


C IX) 40 


IE 


(IX) =0 


Clear start/stop request flag to stop 


input pulse count. 


Execute PLSCNT to obtain input pulse 


| Pusent P | PLSCNT | SCNT count result. 


| $005HEXD — 


~ 


Load input pulse count result into entry 
arguments of HEX. 


(ACCA) -HEXD+1 


Call HEX to convert hexadecimal count 
result into a BCD number. 
Refer to HEX in HD6301/HD6303 FAMILY 
APPLICATION NOTES (SOFTWARE) for 
details. 


2 0 | 2 0041X xX 
PLSMN1 
[200 Acca 
PLSMN2 
|(ACCA)—1 ACCA 1—> ACCA 
Execute 200ms software timer. 


Figure 5-4. Program Module Flowchart 
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5.3 PROGRAM MODULE DESCRIPTION — 


Program Module Name: COUNT PULSES MCU/MPU: Hn6 301Y0 / Label: PLSCNT 
HD6 30 3Y 


Function: 


Counts pulses input from TCLK pin, and loads count result into ACCA. 


Arguments: i Changes in CPU Specifications: 


Storage Registers and Flags: 


Location 
ACCD 
ACCA ACCB ROM (Bytes): 20 


Contents 


Entry Start/stop sTRTF 
request (RAM) 
flag Stack (Bytes): 0 


RAM (Bytes): 1 


No. of cycles: 30 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


Re- Pulse count ACCA 
turns result 


Not affected 
Undefined 
Result 


Description: 
1. Function Details 


a. Argument details 


STRTF (RAM): Holds flag indicating whether input pulse count will start 
or stop. Table 5-3 shows flag functions. 


ACCA: Contains input pulse count result as a l1-byte hexadecimal 
number. | 


Specifications Notes: 


"No. of cycles" in "Specifications" indicates the number of cycles required to 
. Start input pulse count. — 
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MCU/MPU: HD6301Y0/ Label: PLSCNT 


Program Module Name: couNT PULSES 
HD6 30 3Y 





Description: 


b. Example of PLSCNT execution is shown in figure 5-5. 


i. If bit O of entry argument STRTF(RAM) is set to "1", input pulse 
count starts as shown in port Q)of figure 5-5. 


ii. If bit O of entry argument STRTF(RAM) is set to "0" as shown in part 
of figure 5-5, input pulse count result is stored as shown in part 


of figure 5-5. 


95 pulses 
© ares STRTF b7 a ee b7 b0 
fe ae a 
b7 ACCA b0 


ACCA 
@) Return argument { ($5F) 


Figure 5-5. Example of PLSCNT Execution 


c. PLSCNT calls neither the program modules nor subroutines. 
2. User Notes 
The following procedure must be performed before PLSCNT execution. 


a. Initialize timer control/status register 3 to input external clock and 
disable input to timer 2 up counter. 


b. Initialize entry argument indicating whether input pulse count will start 
or stop. 


3. RAM Allocation 


Label RAM Description 
b7 bO 


STRTF [ } Flag indicating whether input pulse will 
start or stop. 
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Program Module Name: COUNT PULSES 





Description: 


4. Sample Application 





MCU/MPU: HD6301Y0/ 
-HD6303Y 


Label: PLSCNT. 









The example below shows how to start and stop the input pulse count. 


LDAA #$£0 3 i‘ 


STAA TCSR3 

BIST P6DTR 
BEQ END mee 
BSET O,STRIF °*"° 
JSR PLSCNT |} ,,, 

5 | 

t : _ Ps 
END BCLR O,STRTF .,. 
| JSR PLSCNT | ene 
STAB . WORKI1 ... 


5. Basic Operation 


Initialize timer control/status register 3. 


Test bit O of port 6. 


Set bit O of STRTF(RAM) to request input 
pulse count to start. 


Execute PLSCNT to start input pulse count. 


Clear bit of STRTF(RAM) to rquest input pulse 
count to stop. 


Execute PLSCNT to stop input pulse count and 
obtain count result. 


Store return argument in RAM. 


a. Timer 2 up counter receives input pulses and pulses are counted. 


b. When starting input pulse count, timer 2 up counter is cleared and pulse 
input to timer 2 up counter is enabled. | “a | 


c. When stopping input pulse count, pulse input to timer 2 up counter is 
disabled, and value in timer 2 up counter is stored in return argument. 
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Program Module Name: COUNT PULSES MCU/MPU: HD6301Y0/ Label: PLSCNT 
HD6303Y 





Flowchart: 







PLSCNT 


PLSCNT 


(0, STRTF)=0 
Test if bit O of STRTF (RAM) is "0" 
~~") (=stop input pulse count) or not (=start). 


(0, STRTF)+0 


$00>T2CNT 
$13°TCSR3 










--| cess timer 2 up counter. 


___| Enable clock input to timer 2 up 
counter. 


PLSCTL 
~~ Pisable clock input to timer 2 up counter. 


--{ Store value in timer 2 up counter into 
return argument. 


(T2CNT)*ACCA 


PLSCT2 
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5.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


5.5 PROGRAM LISTING 


930 


00001 
00002 
00003 
O0004A 
0000S 
OO006A 
OO007A 
O0008A 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020A 
00021 
00022A 
00023A 
00024A 
00025A 
00026A 
00027A 
00028A 
000298 
000308 
000314 
00032A 
00033A 
00034A 
OOO03SA 
00036A 
00037A 
00038A 
00039 
00040 
00041 
00042 
00043 
00044 
0004S 
00046 
00047 
00048 
00049A 
OOOSOA 
OOO0S1A 
00052A 
O0053A 
O00054A 
QOOSSA 
OO0S6A 
O00S7A 


0040 


0040 
0041 
0043 


CO00 


COQO0O 
C003 
COOS 
COQ07 
COOA 
COOC 
COOF 
CO11 
COL 
CO1ls4 
COLS 
CQ17 
CO1A 
COIC 
COLF 
CO? 

CO23 


COZS 
C028 
COQ2A 
CO2D 
CO2F 
CO31 
C033 
C035 
COS 


Be 
86 
a 
72 


8D 


CE 
86 
GA 
26 
O° 


26 


7] 
8D 
?F 
97 
8D 
20 


<B 


?F 
86 
97 
20 
86 
97 
96 


0001 A 
0002 A 
0003 A 
001B A 
001D A 
O13F -A 
03 ay 
18 A 
O01 40 

19 CO2S 
O00C8 A 
C8 A 
FD CO11 
F8 COOF 
FE 40 

09 CO2S 
O04¢1 A 
42 A 
lL? CO3A 
FE. E025 
O01 40 

09 C033 
001D A 
13 A 
18 A 
06 C039 
03 A 
18 A 


1D A 


4 
KOK IK 
*K 


*K 
STRTF 
HE XD 
DECD 
xk 
OKOKOK 
*. 
TCSRS 
T2CNT 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 


$40 


1 
2 
3 


DK HK OK ICC EC OK KCK I ECC OK 2K 2 KK COIS CK OK OK 


Start/stop request flag 
Count result in HEX data 
Count result in BCD data 


SYMBOL DEFINITIONS 222K KORO IOI OK KOK OK KOK KK OK 


EQU 
EQU 


$18 
$1D 


Timer control/status register 3 
Timer 2 up counter 


OOOO OOOO IOI IOI OOOO OOO IO OR OOO OOK IK IOIOK KK KOKI 


*K 
*K 
*K 


MAIN PROGRAM 


>» 


PLSMN oK 
2 


DEK OK KK KC KOK OK HOOK HOCK CK OK OHO KK KECK KOK OK CK KOK KOK OK KOK 2K OK OK OK 


“OK 


* 
PLSMN 


PLSMN1 
PLSMN2 


PEND 


ORG 


LOS 


LDAA 
STAA 
BSET 
BSR 
LOX 
LDAA 
DECA 
BNE 
DEX 
BNE 
BCLR 
BSR 
CLR 
STAA 
BSR 
BRA 


$CO00 


H$13F 
H$O3 
TCSR3 
O.STRIF 
PLSCNT 
#200 
#200 


PLSMN2 


PLSMN1 
Q.STRTF 
PLSCNT 
HEXD 
HEXD+1 
HEX 
PEND 


Initialize stack pointer 
Initialize TCSR3 


Set flag to request starting 
Start pulse count 
Execute 200ms software timer 


Clear flag to request stopping. 
Stop pulse count 
Clear 
Load count result 
Convert count result 
End of program 


upper byte of HEXD 
into Lower byte 
into BCD data 


FOR OOK OR OIOK ORR OK IOI CK OO RIOR ORK OOK OK OK OK ORK KHOR IK AK OICACK 


K 
K 
ok 


NAME 


ok 


PLSCNT CCOUNT PULSE) r 


afc 


OR OIC OK OK KOK OK KOK NOOK OK IOK OK KOK KK IOK OK OK OK AC OK OK IK KOK HOIOR KOK a KK ACK Cok 


kK 


fe 


K ENTRY STRTF CSTART/STOP REQUEST FLAG)? °K 
* RETURNS ACCA C¢PULSE COUNT RESULT) + 
»k BN 
MOOK OOK OK OCHO A HOOK OK KCK KOK KOK KOK OK ROK OK HCHOR OK OK KOK NOOK OIOK aOR OK OIOKOOK 
PESCNI “BEST O,STRTF Test if count start or stop? 
BEQ PLSCT1 Branch if stop 
CER T2ZCNT Clear T2CNT 
LOAA H#13 Start pulse count 
STAA TESRS 
BRA PLSETZ 
PLSCT1 LDAA HSO3 Stop pulse count 
—STAA TCSR3 
LDAA T2ENT load pulse count result into ACCA 
©) HITACHI 


OOOS8BA C039 39 PLSCT2 RTS 


OO00S9 OOK OOK OR OIOIOROK IOK YOR OK HOR KOR KOK KOI OK IOI OK ROK OK OR ACK OK HOK OK 2K KK KOK alt 2K ake 
00060 > k 
00061 * NAME : HEX CCONVERTING 2-BYTE HEXADECIMALS 4 
00062 K INTO S-DIGIT BCD) »k 
00063 * « 
00064 FORO ORO KOO ORO OK OR IOI TOR IO FOK AS HOROFOK IORI OK K TOK KCK KA HOOK KK 
0006S 1c * 
00066 *« ENTRY : HEXO ¢(2-BYTE HEXADECIMAL NUMBER) * 
00067 4c RETURNS : DECD ¢S-DIGIT BCD NUMBER) 2c 
00068 *K “AC 
00069 OOOO CKO OOKOOROROOK IOROICIOCIOR ICI OOK ROK KA IGK RACK SB koko kK 
OO00?70A CO3A 4F HEX CLRA Clear ACCA 

00071A CO3B SF CLRB Clear ACCB 

00072A CO3C DD 43 A STD DECD Clear S-digit BCD area 
00073A CO3E 97 45 A STAA DECD+2 

O0074A C040 Cé 10 A LDAB H16 Set shift counter 

OOO0?7SA C042 78 0042 A HEX2 ASL HEXD+1 Shift MSB of HEXD to carry 
O00076A CO4S 79 0041 A ROL HE XD 

00077A CO4¢8 CE 0003 A LDX H3 Set ADDR pointercaddition counter) 
O0078A CO4B A6 42 A HEX1 LDAA DECD-1,X DECD * 2 + C -> ACCA 

00079A CO4D AD 42 A ADCA DECD-1.X 

OOO80A CO4F 19 DAA Convert into BCD 

O00081A COSO A? 42 A STAA DECD-1.X Store S-digit BCD area 
00082A COS2 09 DEX Decrement ADDR pointer 
00083A CO0S3 26 F6 C04B BNE HEX1 Loop until ADDR pointer=0 
00084A COSS SA DECB Decrement shift counter | 
O008SA COS6 26 EA C042 _ BNE HE X2 Loop until shift counter=0 
O0086A COS8 39 RTS 

00087 OOK IO OOOO OOK CORIO OK ORO OR OK OOK OO OKOK OK IO KOK KK AK KK KK KOK 
00088 * * 
00089 > VECTOR ADDRESSES *« 
00090 * >» 
OOO91 FORO IOKOKOOOOOIORIOCOIOR OOK OK OR OR IORI OOK OK OOK KOK KOK IK 
00092 * 

00093A FFEA ORG S$FFEA 

00094 * | 

OO09SA FFEA COOO A FDB PLSMN IRQ2 

O0096A FFEC COOO A FDB PLSMN CMI 

OO0097A FFEE Ccooc A FDB PLSMN TRAP 

O0098A FFFO COOO A FOB PLSMN SIO 

00099A FFF2 COOO A FOB PLSMN TOI 

00100A FFF4 COOO A FOB PLSMN OCI 

00101A FFF6 COo0oO 6A FDB PLSMN LEI 

00102A FFF8 COOO A FDB PLSMN IRQ1/1ISF 

00103A FFFA COQOO0 A FOB PLSMN SWI 

00104A FFFC COOO A FDB PLSMN NMI 

OO10SA FFFE COOO A FOB PLSMN RES 

00106 * 

00107 END 
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SECTION 6. 8 X 4 KEY MATRIX 
6.1 HARDWARE DESCRIPTION 


6.1.1 Function 


Performs key scan of 8 * 4 key matrix, invalidating simultaneous 
depression of more than 2 keys by software, and converting valid key 


data into ASCII characters (AVZ or 1%6). 


6.1.2 Microcomputer Operation 


The HD6301YO uses timer 1 to execute output compare interrupt 1 every 
8ms. Key scan is performed by an output strobe signal through port 4, 
controlling DDR (data direction register) of port 4. Since all parts 
except port 4 are input ports (high impedance state), diodes for 
preventing output signal collision are not necessary. Key scan data 


is fetched through port 3 during the interrupt routine. 


6.1.3 Peripheral Devices 


8 X 4 Key matrix : Keys to be depressed. 


6.1.4 Circuit Diagram 


Key scan control circuit is shown in figure 6-1. 


© HITACHI 
932 | 


MCU 
HD6301 YO 


(a) 
Oo 


(ot) 
—_ 


is) 
iw) 


® 


we 
o 


oe 
fo) 


Pp 
P 
P 
Pas 
FP 
P 
P 
P 


oo 
«a 





Figure 6-1. Key Scan Control Circuit 
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6.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0 and the key matrix 


are shown in table 6-l. 


Table 6-1. Pin Functions 


Pin Name Input/ Active Level Pin Name Program 
(HD6301Y0) Output (High or Low) Function (Key matrix) Label 
Py Input/ Low Outputs strobe KRg P4DTR 
Output Signal 
Py Input/ Low KR 
Output 
P42 Input/ Low KR> 
Output 
Py 3 Input/ Low KR 3 
Output 
Pso Input — Inputs key | KC 9 P3DTR 
Psy Input — KCy 
P35 Input — KCs5 
P37 Input — KC7 


6.1.6 Hardware Operation 


The timing chart for key scan is shown in figure 6-2. 


FF 
Key depression 


signal ON 


Chatter 


Key fetch ft | | | | | eo First key data 
timing 


8ms @ ® @) Second key data 
® ® ® Third key data 


ON 


(Timer interrupt) 


2) 
®@ 


Key data 
valid timing 


Key data is valid 





Figure 6-2. Chatter Prevention Timing 


Key depression signal is checked every 8 ms. If key data is the same 3 


consective times, it will then be valid, and invalid otherwise. 
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6.2 SOFTWARE DESCRIPTION 


6.2.1 Program Module Configuration 


The program module configuration for key scan of 8 X 4 key matrix is 


shown in figure 6-3. 


K84SCN 





Figure 6-3. Program Module Configuration 


6.2.2 Program Module Functions 


Program module functions are summarized in table 6-2. 


Table 6-2. Program Module Functions. 
No. Program Module Name Label Function 


@) MAIN PROGRAM K8 4MN Performs key scan of 8X4 key matrix 
and converts key data into ASCII. 





1 KEY SCAN K84SCN Performs key scand of 8x4 key 
matrix. 
© HITACHI 
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6.2.3 Program Module Process Flow (Main Program) 


The Flowchart in figure 6-4 is an example of a key scan of the 8 x 4 key 


matrix performed by the program module in fiqure 6-3. 


kK84MN Main program 


K84MN 


$18F ~ SP .--| rnitianize stack pointer. 
$ 00->OLDKEY | | 
---4 Clear RAM used by K84SCN. 
0-0, KEYONF 
__ [Initialize timer control/status register 
$0 8>TCSRI 1 to enable output compare interrupt. 
$007P4DTR -—| Initialize port 4. 
K84MN 1 
(0, KEYONF)=0 
<Qxevonr)=9> ---] Test if key is depressed. 
(0, KEYONF)0 
(KEYDAT)—ACCB —-| t03d valid key number into ACCB. 


0-0, KEYONF --| clear flag to indicate key is depressed. 


KEYCD—1—>1X ---| toaa starting address of data table into IX. 


(ACCB)+(IX)71X ----| toad data table pointer into IX. 


EN D 


(IX)-KEYSET ---| Store ASCII in RAM. 







K84SCN OCI interrupt routine 


K84SCN 
--~-+ Execute K84SCN to perform key scan. 


Figure 6-4. Program Module Flowchart 
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6.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: KRY SCAN MCU/MPU: HD6301Y0 Label: K84SCN 





Function: 


Performs key scan of 8x4 key matrix to store key data in KEYDAT (RAM). 





Arguments: Changes in CPU Specifications: 


Storage Registers and Flags: 
Location ACCD 
ACCA ACCB 


Contents 
ROM (Bytes): 120 


Entry RAM (Bytes): 8 
Stack (Bytes): 0 
No. of cycles: 332 
Reentrant: No 


Relocatable: No 


Interrupt OK?: Yes 


Not affected 
Undefined 
Result 





Description: 


1. Function Details 


a. Argument details 
KEYDAT (RAM): Contains key data. 





KEYONF (RAM): Contains flag indicating whether or not key data is valid. 
Table 6-3 shows flag functions. _ 


Specifications Notes: 
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Program Module Name: KEY SCAN MCU/MPU: HD6301Y0 Label: K84SCN 





Description: 


Table 6-3. Flag Functions 


Label bit O Function 
KEYONF' 0 Indicates key data is invalid. 
J: Indicates key data is valid. 


b. Example of K84SCN execution is 
shown in figure 6-5. If a key 
in pressed as shown in part @ ey 2 
of figure 6-5, key data is Key "D" is pressed 
stored in KEYDAT(RAM) and bit @ Key press j (In Figure 6-1 of 


shown in part @) of figure 6-5. 
b7 KEYDAT bO 


@ Return | KEYpaT 
04 
arguments |(RAMX$04) KEYONF 


crawnxsor) EEEETEED 


c. K84SCN calls neither the program 
modules nor subroutines. 


2. User Notes 


The following procedure must be 
performed before K84SCN execution. Figure 6-5. Example of K84SCN 


Execution 
a. Clear RAM used by K84SCN. 


b. Initialize timer control/status register 1 to enable output compare 
interrupt. 


c. Enable interrupts. 


3. RAM Allocation 


Label RAM Description 
b7 bO 
OLDKEY } Previous key data 
NEWKEY } Current key data 
STBDAT } Data for output strobe signal 
KEYNUM } Key number 
TOTLKY © ; Total number of depressed keys 
KEYONF } Flag indicating whether or not key data is valid 
KEYDAT } Key data 
CHATFL } bits 0~3: Counter indicating number of key scan 


bit 7: Flag indicating key data is valid 
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Program Module Name: KEY SCAN 


MCU/MPU: HD6301Y0 Label: K84SCN 





Description: 


4. Sample Application 
| 


CLR OLDKEY } 
BCLR Ocnvonn. J cr ee ee 
LDAA #$08 } Initialize timer control/status 
STAA TCSR1 "** register l. 
CLR PADTR ... Initialize port 4. 
CLI ... Enable interrupts 
LOOP BTST O ,KEYONF | 
er 2 a ‘ 
BEO LOOP est if key is depressed 
LDAA KEYDAT } 
STAR WORK ...- Store return argument of K84SCN in RAM. 
BCLR O ,KEYONF ... Initialize RAM for next key Scan. 


5. Basic Operation 


a. Key scan is executed every 8ms interrupt. At the beginning of K84SCN, 
key data valid/invalid flag (KEYONF (RAM)) is checked to determine whether 
or not previous valid key data has been processed. 


b. Strobe signal (=Low) is output through bits 0%3 of port 4, and key scan 
data is fetched through port 3. 


c. Key scan data fetched in (b) is tested whether or not it is $FF. 


i. If $FF, no key is depressed and key scan for next column is 
executed. 


ii. If not $FF, some key is depressed and what row of depressed key is 
tested. 


ACCA, containing key scan data, is shifted 1 bit right 8 times. 
Carry is determined. If carry is "0", it means a key is depressed. 


Key data is numbered from 1 to 32, based on position in 8*4 key 
matrix. Key data is stored in KEYNUM(RAM). 


TOTLKY (RAM) is incremented every time a key is depressed to check 
for chatter. If TOTLKY(RAM) <1, key data is stored in 

NEWKEY (RAM). If TOTLKY(RAM) > 1, key scan is completed since it 
indicates two keys are pressed at the same time. 
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Program Module Name: KEY SCAN 





MCU/MPU: HD6301Y0 Label: K84SCN 





Description: 


940 


d. 


Key data (NEWKEY(RAM)) obtained in (C) is compared with previous key data 
(OLDKEY (RAM)). If they are the same, chatter counter (CHATEL(RAM)) is 
counted up. When chatter counter becomes "3", key data is valid. If 

key data is valid, MSB of CHATFL(RAM) is set to "1" to indicate key data 
is valid. CHATFL(RAM) includes both a counter and a flag. CHATFL(RAM) 
is cleared, when NEWKEY (RAM) data differs from OLDKEY(RAM) data or no key 
is depressed. 


HITACHI 


MCU/MPU: Hp6301Y0 Label: K84SCN 


Program Module Name: KEY SCAN 





Flowchart: 


K84SCN 


K84SCN 


(TCSR1)—-ACCA Reinitialize output compare register 1 to enable 


output compare 1 and generate interrupt 8 ms 


(OCR1)+$1F40—0CR1 later. 


| 
| 
Se 


(0 ,KEYONF) 0 





Test if key data has been processed in main 
program. 


| 
et 


(0 ,KEYONF)=0 


$08->STBDAT] -—-—4 Initialize data for output strobe signal. 


$01—>KEYNUM —--+ Initialize RAM for key number. 


ee 


$00-TOTLKY ——- Initialize RAM for number of depressed keys. 


$00->NEWKEY -——-- Initialize RAM for new key number. 


@ K84SN1 


(STBDAT)—P 4DDR 


—, 


Output strobe signal. 


(P8DTR)—ACCA Load key scan data into ACCA. 


(ACCA )“$FF 





Test if a key is depressed every time 
strobe signal is output. 


(ACCA) =$FF 
(KEYNUM)+8~KEYNUM| —~-7 If no key is depressed, store next starting 
key number. | 


| 
-—_—1— oe ae i, -t, 
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Label: K84SCN 


Program Module Name: KEY SCAN MCU/MPU: 4D6301Y0 





Flowchart: G) 
K84SN2 


8 > IX Initialize shift counter to test which 


key is depressed. 


w~ 
00 
rs 
\o2) 
or) 


Shift (ACCA) 
1 bit right 


(Bit C) = —<{Chit => 


| Shift key scan data 1 bit right. 
Test if key is depressed. 


(TOTLKY)+1 
> TOTLKY Test if key chatter is generated. 


If so, complete key scan. 


TN 
es) 
}- 
ct 
Q 

4 
K 
= 


<em> 


ee eee 
> REN NEWRY | 


Store depressed key number in RAM as 
key data. 


—+> KEYNUM 


(IX)-1-IX 


IX) 0 


Decrement shift counter. 


Test if all keys have been checked 
whether or not they are depressed. 


UL 


K84sn5 |¢1X)=0 


Shift (STBDAT) 
1 bit right 


Load strobe signal data to perform key 
scan for next column. 


(STBDAT)0 Test if key scan for all columns have been 


Tevet) completed. 


TL 


(STBDAT)=0 


EE  itincav) = 00> | . 
Ginxev)=S00> Test if a key is depressed this time. 


neces (NEWKEY) # $ 00 


OS. (NEWKEY) =( OLDKEY ) 


(NEWKEY }#(OLDKEY) 
K84SN6 


~ (NEWKEY) 
—-COLDKEY) 


Compare current key data and previous 
key data. 


K84SN4 OS 
(KEYNUM) +1 om RAM indicating key number. 


Store current key data in RAM for next key 


_._| scan. Clear RAM indicating number of key 
$00-CHATFL . 
scan. 
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Program Module Name: KEY SCAN 





Flowchart: 






K84SN7 (7, CHATFL)=£0 


(7, CHATFL) #1 














SOFA (CHATEL) 
ACCA 





(ACCA}=CMP NUM 
(ACCA)= 
CMPNUM 


(ACCA)4CMPNUM 
(CHATFL)+1 
—> CHATFL 
K84SN8 
1-7, CHATFL 
CNEWKEY) 
—+ KEYDAT 
17-0, KEYONF 


K84SN9 | 









MCU/MPU: 4D6301Y0 





Label: K84SCN 


---| Test if key data is valid. 


a Test if key scan has been executed 3 


| 


{ 
| 


times. 


Increment RAM indicating number of 
key scan. 


Set flag to "1" to indicate key data 
is valid. 


Store valid key number in return 
argument. 


depressed. 


= flag to "1" to indicate a key is 
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6.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


6.5 PROGRAM LISTING 


00001 * | 
00002 OKOK OK RAM ALLOCATION OOOO OOK OK OK OK HOROIOK KOKO HOOK KKK 
00003 * 
00004¢A 0040 ORG $40 
00005 * 
00006A 0040 0001 A KEYSET RMB I ASCII 
O0007A 0041 0001 A OLDKEY RMB 1 Previous key data 
OO008A 0042 0001 A NEWKEY RMB if Current key data 
Q0009A 0043 0001 A CHATFL RMB 1 Chatter counter and flag 
00010A 0044 0001 A KEYONF RMB 1 Key data valid flag. 

~ 00011A 0045 0001 A KEYDAT RMB 1 Key data 
00012A 0046 0001 A TOTLKY RMB 1 Total no. of depressed Keys 
00013A 0047 0001 A KEYNUM RMB ] Key number 
00014A 0048 0001 A STBDAT RMB 1 Data for strobe signal 
0001S * 
00016 OK KOK SYMBOL DEFINITIONS oO OOOO OOK OK KOK KOK HOK 
00017 *« | 
00018 0004 A P3DDR EQU $04 Port 3 data direction register 
00019 0006 A P30TR EQU $06 Port 3 data register 
00020 0008 A TCSR1 EQU $08 Timer control/status registerl 
00021 000B A OCRI EQU $0B Output compare register 1 
00022 0O00S A P4DDR EQU $05 Port 4 data direction register 
00023 O00? A P4DTR EQU $07 Port 4 data register 
00024 0003 A CMPNUM EQU $03 Chatter number 
00025 SOR OIOIOOOOIO IO OOK OR IOI OK IO OO I OOO IOI OOK KI OK OK KOK KOK 
00026 * *« 
00027 * MAIN PROGRAM K84MN * 
00028 * > 
00029 FORIOROOOORO OOOO OOOO OK OOOO OOK OOO IK IOK KICK 
00030 * 
00031A COOO0 ORG $CO000 
00032 * | 
00033A COOO 8E O13F A K84MN LDS H$13F Initialize stack pointer 
00034A C003 7F 0041 A CLR OLDKEY Initialize RAM 
00035A C006 71 FE 44 BCLR O.,KEYONF Clear key data valid flag 
00036A COO9 4F | CLRA | 
00037A COOA 97 07 A STAA P4DTR Initialize port 4 
00038A COOC 86 08 A LDAA $08 Initialize TCSR1 
00039A COOE 97 08 A STAA TCSR1 
OO040A CO10 OE CLI Enable interrupts | 
00041A CO11 7B O1 44 K84MN1 BTST O,KEYONF Test if Key is pressed? 
00042A C014 27 FB COl1 BEG K84MN1 | 
00043A C016 D6 45 A LDAB KEYDAT Load Key data 
00044A CO18 71 FE 44 BCLR O.KEYONF Clear key data valid flag 
0004SA CO1B CE COSC A LDX HKEYCD-1 Load data table starting address 
00046A CO1E 3A ABX Add data table address to Key data 
00047A CO1F A6 OO A LDAA Os xX Store ASCII in RAM 
00048A C021 97 40 A STAA KEYSET 
00049A C023 20 FE C023 PEND BRA PEND End of program 
O000S0 OOOO IOI OOK ORI OI OR I OOIOR OR OIORIOR OR ROR KORO OK KIO KHOR IO HO HOK 
000S1 * XK 
000582 NAME : K84SCN CKEY SCAN) * 
00053 * * 
00054 FORO OOOO OOOO OOOO OR OOK OR ORI OK OK IO HOK 
00055 Ok XK 
00056 Kk ENTRY : NOTHING * 
00057 * RETURNS : KEYDAT ¢KEY DATAD 1K 
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00058 

00059 

00060 

OO061A 
00062A 
00063A 
O0064A 
OOO6SA 
OO066A 
00067A 
O0068A 
O0069A 
00070A 
00071A 
00072A 
O0073A 
O0074A 
O00?75SA 
0O0076A 
00077A 
00078A 
O0079A 
OO080A 
OO0081A 
00082A 
00083A 
~ QO084A 
OO008SA 
O0086A 
O0087A 
00088A 
00089A 
OO090A 
OOO91A 
00092A 
OO0093A 
O0094A 
OO009SA 
O0096A 
00097A 
00098A 
O0099A 
00100A 
OO101A 
00102A 
00103A 
00104A 
00105A 
00106A 
00107A 
00108A 
00109A 
00110A 
00111A 
00112A 
00113A 
00114A 


C025 
C027 
COQ29 
CO2C 
CO2E 
CO31 
C033 
CO3S 
CO3? 
CO39 
CO3B 
CO3E 
C041 
C043 
C045 
C047 
C049 
CO4B 
CO4D 
CO4F 
COS1 
CQS3 
COS6 
COS? 
COS9 
COSC 
COSE 
CO60 
C062 
C064 
C066 
C069 
CO6A 
COé6C 
CO6F 
CO71 
CO73 
CO7S 
CO’? 
CO?9 
CO’B 
CO?E 
CO80 
C083 
CO8S 
CO8? 
C089 
CO8B 
CO8D 
CO90 
C092 
CO9S 
C097 
CO99 


08 A 
0B A 
1F40 A 
0B A 
01 44 

69 COSC 
08 A 
48 A 
01 A 
4? A 
0046 A 
0042 A 
48 A 
OS A 
06 A 
FF A 
08 COS3 
08 A 
4? A 
47? A 
19 CO6C 
0008 A 
OD C066 
0046 A 
46 A 
01 A 
3A COSC 
4? A 
42 A 
0047 A 
EA CO0S6 
0048 A 
DO C041 
42 A 
04 C079 
41 A 
O07 CO80 
41 A 
0043 A 
1C COSC 
BO 43 

17 CO9C 
OF A 
43 A 
03 A 
0S C092 
0043 A 
OA COSC 
B80 43 

42 A 
45 A 
01 44 


* 
* 


KEYONF <IKEY DATA VALID/INVALID * 


FLAG) x 


OKO OK KOK HOR OIRO OOK HOR IO OK HOR KE OKOROHOK OK IK IO IOK CK OK HOOK HOOK CK 2K 


K84SCN 


K84SN1 


K84SN2 
K84SN3 


K84SN4 


K84SNS 


K84SN6 


K84SN7 


K84SN8 


Clear interrupt request flag 
Initialize OCR1 


if key data processed in MAIN 
Initialize strobe signal data 
Initialize Key number 


Initialize total Key number 
Initialize current Key number 
Output strobe signal 


Load Key data 

Test if key is pressed 
Branch if pressed 
Store next Key number 


Initialize shift counter 
Test if key is pressed 
Branch if not pressed 
Increment total Key number 
Check key chatter generation 


Branch if 
Store key 


Key chatter generated 
data in current key 


Key number 
Decrement shift counter 

Test if 8 bits shifted 

Output next strobe signal 
Test if atl scan is completed 
Test if new Key is pressed 


Increment 


Current Key = previous Key? 
Branch if equal 

Store current Key in previous Key 
Clear chatter counter 


Test if key data is valid 


Test if Key scan executed 3 times 
Branch if chatter number=3 
Increment chatter counter 


Set chatter flag 


Store valid key data in RAM 


O,KEYONF Set key data valid flag 


LDAA TCSR1 
LODO OCR1 
ADDD HS1F40 
STO OCR1 
BIST O.KEYONF Test 
BNE K8B4SN9 
LDAA HSO8 
STAA STBDAT 
LDAA H$O1 
STAA KEYNUM 
CLR TOTLKY 
CLR NEWKEY 
LDAA STBDAT 
STAA P4DDR 
LDAA P3DTR 
CMPA HOFF 
BNE KB4SN2 
LDAB #8 | 
ADDB KEYNUM 
STAB KEYNUM 
BRA K84SN5 
LDX H8 
LSRA 

BCS KB4SN4 
INC TQOTLKY 
LDAB TOTLIKY 
CMPB H1 

BCS KB4SN9 
LDAB KEYNUM 
STAB NEWKEY 
INC KEYNUM 
DEX 

BNE K84SN3 
LSR STBDAT 
BNE K84SN1 
LDAA NEWKEY 
BEQ K84SN6 
CMPA OLDKEY 
BEQ K84SN? 
STAA OLDKEY 
CLR CHATFL 
BRA K84SN9 
BTST 7.CHATFL 
BNE K84SN9 
LDAA HSOF 
ANDA CHATFL 
CMPA H#CMPNUM 
BEQ KB4SN8 
INC CHATFL 
BRA K84SN9 
BSET 7. CHATFL 
LDAA NEWKEY 
STAA KEYDAT 
BSET 
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00115A 
00116 
00117 
00118 
00119 
00120 
00121A 
00122A 
00123A 
00124A 
00125 
00126 
00127 
00128 
00129 
00130 
OO131A 
00132 
00133A 
00134A 
QO13S5A 
00136A 
00137A 
00138A 
00139A 
00140A 
00141A 
00142A 
00143A 
00144 
00145 


946 


CO9C 3B 


CO9D 
COAS 
COAD 
COBS 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFFS 
FFFA 
FFFC 
FFFE 


41 
49 
Si 
5? 


COOO0 
C000 
CO00 
CO00 
C000 
C025 
CO00 
COO0 
COO00 
C000 
CO00 


DrDryD 


vSvrprrprrrprrprprrTrp?p 


K84SN9 RTI 


SOKO OKO IOOOOK OK IO OOK OOK OOK OK OK HOOK OK HOK HOOK HOK HOH OK KOK 


* 
* 
*K 


DI DK DI OK DC OK IC KC OC IK CHC EE CHC OK OK CD OC IK OK DICK COC KC OC IK CK KIC OI OO OK 2K KICK 2K 


DATA TABLE 


KEYCD FCC "ABCDEFGH" 

FCC "TIKLMNOP" 

FEE “QRSTUVWX" 

FEC "Y¥2123456" 
FORO OOOO OO OOOO OOOO OOO OR OOOOK IO OK IK 
* ) * 
* VECTOR ADDRESSES * 
* * 


SOOO OOO OOOO OOOO OOO OOOO IOOIOK OOO KOKI IO KHKOK 
*K , 


ORG $FFEA 
*K 
FDB K84MN TIRG2 
FDB K84MN CMI 
FDB K84MN TRAP 
FOB K84MN. SCI 
FDB K84MN TOL 
FDB K84SCN OCI 
FDB K84MN ICI 
FDB K84MN IRQL/ISF 
FDB K84MN SWI 
FOB K84MN NMI. 
FDB K84MN. RES 
* 
ENO 
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SECTION 7. A/D CONVERTER (HA16613A) CONTROL 


7.1 HARDWARE DESCRIPTION 


Teli: 


Tybee 


pa eS 


22pF 


182076 





Function 


Performs 8-bit analog-to-digital (A/D) conversion and stores result as 


a binary coded decimal (BCD) number (0255). 


Microcomputer Operation 


The HD6301Y0 controls A/D converter. The end of A/D conversion is 
detected using the IRQ] pin and the result of A/D conversion is input 


into port 3 uSing an interrupt routine. 


Peripheral Devices 


HA1L6613A 8-bit dual slope type analog-to-digital A/D converter 
Performs 8-bit A/D conversion within the voltage range AC 0.2V VAC 5.0V. 


Circuit Diagram 
A/D converter control circuit is shown in figure 7-1. 


MCU 
HD6 301Y0 


HA16613 


~ 
oO 

wo FO 
Pp Fo 


Input 
Oo voltage 
to be 
measured 
+5V 


1080) 


5.4kQ) 


po 


Figure 7-1. A/D Converter Control Circuit 
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7.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0O and the HA16613A 


are shown in table 7-1. 


Table 7-1. Pin Functions 


Pin Name Input/ Active Level —_ Pin Name Program 
(HD6301Y0) Output (High or Low) Function ~~. (HA16613A) Label 
Ps50/IRQ7 Input LOW A/D conversion end ADE P5DTR 
Signal 
Pies Output Low A/D conversion ADS 
| 7 | start signal 
Peo Output Low Selects analog CHS 
input IN] 
High Selects analog 
input IN») 
Pao Input ——_ A/D conversion nn P3DTR 
data 
P34: Input —— , a 
P32 Input —— oe 
P33 Input ——- De 
Pes Input —_—— a 
P36 Input ———— 2? 
Pay Input © —— ). | oe 4 


7.1.6 Hardware Operation 


The timing chart between the HD6301Y0 and the HA16613A is shown in figure 


1-2. 


HA16613A pin names 


ADE | | | | 


ADS | | <; 


Current A/D 


Previous A/D conversion result conversion result 





Figure .7-2. HD6301Y0<» HA16613A Timing Chart 
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7.2 SOFTWARE DESCRIPTION 


7.2.1 Program Module Configuration 


The program module configuration for A/D conversion using the HA16613A 


is shown in figure 7-3. 


2-BYTE 
CONVERSION HEXADECI MALS 
RESULT INTO 5-DIGIT 





Figure 7-3. Program Module Configuration 


7.2.2 Program Module Functions 


Program module functions are summarized in table 7-2. 


Table 7-2. Program Module Functions 


No. Program Module Name Label Function 





0 MAIN PROGRAM ADMN Stores A/D conversion result as a 
BCD number. 





1 INPUT A/D CONVERSION ADIN Inputs A/D conversion result. 


RESULT 
2 CONVERT 2-BYTE HEX Converts 2-byte hexadecimal number 
HEXADECIMALS INTO into 5-digit BCD. 
5-DIGIT BCD Refer to HEX in HD6301/HD6303 FAMILY 
APPLICATION NOTES (SOFTWARE) for 
details. 
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7.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 7-4 shows the procedure for performing A/D 


conversion, using the program module in figure 7-3. 


A DMN Main Program 


$13F->SP Initialize stack pointer. 


Initialize RAM/port 5 control register to enable 
IRQ] pin, disable half: function, disable 

memory ready function, enable RAM, and set 
= power bit. 


0O-ADEND | cieaz RAM. 
$E2—->RP5CR ---{ 


$02->P5DTR 


Initialize port 5. 
$02-P5DDR 


0—- Bit I ---| Bnable interrupts. 


0, ADEND)=0 —- 


(0, ADEND)40 


0-0, ADEND soars 
0 —- HEXD 
Load 1-byte hexadecimal A/D conversion 


tart A/D conversion. 


> > 
Z : 
2 


sass ADS signal of the HA16613A to Low and 
a : 








Clear a flag indicating A/D conversion 


| ese if A/D conversion is completed. 
ae 


result into entry argument. 


(ADDAT)—HEXD+ 1 
[=== ]- 


Execute HEX to convert l-byte hexadecimal 
A/D conversion result into BCD number. 
Refer to HEX in HD6301/HD6303 FAMILY 
APPLICATION NOTES (SOFTWARE). 


IRQ Interrupt Routine 


INPUT A/D eae A/D conversion result in 1l1-byte 
CONVERS ION aad i 
RESULT hexadecimal. 





Figure 7-4. Program Module Flowchart 
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7.3 PROCRAM MODULE DESCRIPTION 


Program Module Name: yypyr a/p MCU/MPU: HD6301Y0 Label: ADIN 
CONVERSION 





Function: 


Stores A/D conversion result in ADDAT (RAM). 


Arguments: Changes in CPU Specifications: 


Storage Registers and Flags: 


Contents Location 


ACCA ACCB ROM (Bytes): 14 
race ——= = RAM (Bytes): 2 
Stack (Bytes): 0 
No. of cycles: 34 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


A/D con- 
version 
result 


A/D con- 


version 
complete 


flag Not affected 


Undefined 
- Result 


Description: 
l. Function Details 


a. Argument details 


ADDAT (RAM): Contains A/D conversion result in 1 byte hexadecimal. 


ADEND (RAM): Contains a flag indicating whether or not A/D conversion 
is completed. 


Table 7-3. Flag Functions 
Label bit O Functions 


0 Indicates A/D conversion is not completed. 
1 Indicates A/D conversion is completed. 


Specifications Notes: 


N/a 
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Program Module Name: INPUT A/D CON- MCU/MPU: HD6301Y0 


Label: aDIN 
VERSION RESULT 





Description: 


b. After ADIN execution, A/D conversion result ($00—$FF) is stored in 
ADDAT (RAM) and A/D conversion complete flag is set in ADEND(RAM). 


c. ADIN calls neither the program modules nor subroutines. 
2. User Notes | 
~The following procedure must be exectited before ADIN execution. 
a. select DDR of port 5 as output. 


b. Initialize RAM/port 5 control register so that IRQ] interrupt can be 
executed, 


c. Enable interrupts. 


3. RAM Allocation 


Label RAM Description 
b7 bO 
ADDAT } 1 byte hexadecimal A/D conversion result 
ADEND } Used as a flag indicating A/D conversion 
complete. | 


4. Sample Application 


CLRA 

STAR 0 , ADEND } sacha aos Clear RAM. 

LDAA #$E2 | nee 

STAD RP5CR ----~ Initialize RAM/port 5 eOneret register. 

LDAA # $02 | | 

STAA P5DTR e@  --=-- Initialize port 5. 

STAA P5DDR 

Chr ~---- Enable interrupts. 

BCLR 1,P5DTR ----- Set signal ADS of the HA16613A to Low. 
LOOP BIST O , ADEND peste pee . : , 

BEO race -~---- Test if A/D conversion is completed. 


5. Basic Operation 
a. When signal ADE is Low, ADIN is executed, 


b. ADIN stores A/D conversion result, contained in port 3, in ADDAT(RAM). 
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Program Module Name: InNpuT A/D CON- MCU/MPU: HD6301Y0 Label: ADIN 
VERSION RESULT 





Flowchart: 






[maser 


Store A/D conversion result in return 
argument. 







| set A/D conversion complete flag. 


--| Set signal ADS to High. 
| set signal ADS to Low. 
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7.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


7.5 PROGRAM LISTING 


954 


00001 
00002 
00003 
00004A 
00005 
O0006A 
00007A 
00008A 
QO009A 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023A 
00024 
0002SA 
00026A 
00027A 
00028A 
00029A 
00030A 
QO0031A 
00032A 
00033A 
00034A 
00035A 
00036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043A 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 


0040 


0040 
0041 
0042 
0044 


C000 


C000 
C003 
CO04 
CO06 
C008 
COOA 
COOC 
COOE 
CO10 
CO11 
C014 
CO1? 
COQO19 
CO1C 
CO10 
CO1F 
CO21 
C023 
CO26 


0001 
0001 
0002 
0003 


Drryp 


0006 
0014 
0015 
0020 


DrDrD 


he 
LS 
DrrprrTryp D 


15 
40 
CQ14 
40 


42 A 
41 Fy 
44 A 
C036 A 
EC CO14 


OOO0S7A C028 72 O02 15 


* 


FORK OOKOK RAM ALLOCATION cto ok kK KI IOK KK 


* 


KKOHOKOOK SYMBOL DEFINITIONS 


ORG 
* 
ADEND RMB 
ADDAT RMB 
HEXD RMB 
DECD RMB 
* 
*# 
P3DTR EQU 
RPSCR EQU 
PSDOTR EQU 
PSDDR EQU 


$40 


WN 


$06 
$14 
$15 
$20 


conversion complete flag 
conversion rerult 
conversion result 
conversion result 


A/D 
A/D 
A/D 
A/D 


in HEX data 
in BCD data 


KICK AOR OK HOH OK HOOK 


Port 3 data register 

RAM/Port S control register 
Port S data register 

Port S data direction register 


OOK ORO OOO OOO OOK OK HORI OK OHO OK OK KOKO OK ORK IOI OIOR OK HK OK OK KOK 


* 
mK 
kK 


MAIN PROGRAM : 


XK 
ADMN K 


1 


SOKO OKO IO OOIO OR OR OR OK OOK OR ROK ITOK KOK HOR OKO IOK OK OK 2 OK 2 KOK OK OK 


* 


ORG $CO00 
* 
ADMN LDS RS13F Initialize stack pointer 
CLRA Clear RAM 
STAA ADEND 
LDAA HSE2 Initialize RAM/Port 5S control register 
STAA RPSCR | 
LDAA #S$02 Initialize port 5 
STAA PSDTR 
STAA PSDDR 
CLI Enable interrupts 
BCLR 1,PSOTR Set ADS to Low 
ADMNI BTST O,ADEND Test if A/D conversion complete 
BEQ ADMN1 
BCLR O,ADEND Clear complete flag 
CLRA Load A/D conversion result in HEX data 
STAA HE XD 
LDAA ADDAT 
STAA HEXD+1 
JSR HEX Convert HEX data into BCD data 
BRA ADMN1 
DK OK OK OI OK DC DHE CK OK HCC EC GK HCC NS CNG HC NS KE HC ES HC CME KC TK OOK oe AC IC OK OK OOK MC 
*K 
¥ NAME ADIN CINPUT A/D CONVERSION * 


* 
* 


RESULT) X* 
*k 


DOK OH DK KOK KOK CKO OK OOK OK HCAS IK HC OK HOOK CK SI HC OK MO ICO DK ME MOE CC OK MOK 


*K 


¥ XX % * 


BG 


ENTRY : 
RETURNS : 


K 


NOTHING x 
ADDAT «A/D CONVERSION RESULT) * 
ADEND (A/D CONVERSION COMPLETE* 


vf. 
1K 


FLAG) 


HOO IOI IO IOI ICO OR IOC OK OOK IORI ACK I IOI TOK KK AK OK KI AK 
1,PSDTR Set ADS to High 


ADIN BSET 
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OO0S8A 
QO0S9A 
OO0060A 
00061A 
00062A 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
O0074A 
O007SA 
OO076A 
00077A 
00078A 
O0079A 
OO080A 
00081A 
00082A 
00083A 
00084A 
OO0085A 
O00086A 
O0087A 
00088A 
O0089A 
OO090A 
00091 
00092 
00093 
00094 
0009S 
00096 
Q0097A 
00098 
O0099A 
00100A 
OO101A 
00102A 
00103A 
00104A 
Q0105A 
00106A 
00107A 
00108A 
00109A 
00110 
00111 


CO2B 
CO2D 
CO2F 
CO32 
CO3S 


CO36 
CO3? 
C038 
CO3A 
CO3C 
COse 
CO41 
C044 
C04? 
C049 
CO4B 
CO4C 
CO4E 
CO4F 
COSI] 
COS2 
COS4 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


96 
oC 
72 
rel 
38 


06 
41 
O01 40 
Be. 6 


44 
46 
10 
0043 
0042 
0003 
43 
43 


43 


SDDrvrrrrTr 


AY 


F6 CO4? 


EA COZE 


COO00 
COO0 
COoO0 
C000 
COOO 
COOO0 
COOO 
CO28 
COO0 
COOO 
COOO 


DrrprrrrrprprTreyr 


flag 


LDAA P30TR Load A/D conversion result 

STAA ADDAT 

BSET O.,ADEND Set A/D conversion complete 

BCLR O.PSDTR Set ADS to Low 

RTI 
FORO OIOIQOROK OOOO IOI ROR OI OR a FOR OK OR OR AOR OR ROR IO OK Ab ak 
* +c 
* NAME HEX (CONVERT 2-BYTE HEXADECIMALS 1K 
* INTQ S-OIGIT BCD) 1 
K 4 
HOOK OK HOI OK KOK MR OK HOOK KOO HOn HOR Od MOF ROK RIOT TE YOR OB HOF HOR OK oR Bot otOn AC ott ck 
K + 
*K ENTRY HEXD (2-BYTE HEXADECIMAL NUMBER) a 
*K RETURNS DECD ¢S-DIGIT BCD NUMBER) ak 
* *K 
HOOK OOK ACOH KOR OOK HOR I HOR KOK MOI AOROK HOT ROR OR HOR OK TACK JENICO TE OAR AOR ITOK OR OK CIC -K 
HEX CLRA Clear ACCA 

CLRB LlLear ACCB 

Sto DECD Clear S-digit BCD 

STAA DECDFZ 

LDAB H16 Store shift counter 
HEX2 ASL HEXD+1 Shift MSE of HEXD to carry 

ROL HEXD 

LDX #2 Set ADDR pointer Caddition counter) 
HEX1 LDAA DECO-1,.X DECD * 2 4 C -> ACCA 

ADCA DEEDS ax 

DAA Convert inta BCD data 

STAA DECD-1.X Store S-digit BCD area 

DEX Decrement ADDR painter 

BNE HEX i Loop until ADDR painter=0 

DECB Decrement shift caunter 

BNE HEX2 Loop until shift counter=0 

RTS 
YORK HOOK IK HOROICOIOR OOK YOR FOIE IOI OR OOK GE bok Ok oR NCTOR KK ob bok deck 
x ag 
K VECTOR ADDRESSES « 
: Ke 


Mea MK AON OOK OK HOR OOF OKOKOK HK OK OK OO MORK IK HOIOK HE HOOK NSB OL AMO OIC Rote de ak ok oe Ic 
Bi 


ORG SFFEA 

* 
FOB ADMN IRO2 
FOB ADMN CMI 
FDB ADMN TRAP 
FDB ADMN Sat 
FDB ADMN TOL 
FDB ADMN OCI 
FDB ADMN LCL 
FOB ADIN IRQ1/ISF 
FDB ADMN © SWI 
FDB ADMN NMI 
FOB ADMN RES 

2k 
END 
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SECTION 8. STANDARD KEYBOARD INTERFACE 
pcs ian ht A rei ia eA i it a A ae 


8.1 HARDWARE DESCRIPTION 


8.1.1 Function 


Receives key data from a standard ASCII keyboard. 


8.1.2 Microcomputer Operation 


The HD6301Y0 accesses data from an ASCII keyboard using a First In- 
First Out roll buffer. Port 6 control/status register is selected to 
perform parallel handshaking between the IS pin and port 6. Input data 
is read at the falling edge of the STROBE signal and data is written to 
the roll buffer by input strobe interrupt. 


8.1.3 Peripheral Devices 


ASCII keyboard: Outputs ASCII codes and STROBE signal. 


8.1.4 Circuit Diagram 


The interface circuit for reading data from an ASCII keyboard is shown 


in figure 8-1. 


22pF 
Miz oS 


22pF 


182076 


STROBE B1 Bz Bs ByBsBo By 


CSE 





ASCII Keyboard 


Figure 8-1. Reading Data from ASCII Keyboard 
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8.1.5 Pin Functions 


Pin functions at the interface between the HD6301YO and ASCII keyboard 


are shown in table 8-l. 


Table 8-1. Pin Functions 


Active 

Level Pin Name 
Pin Name Input/ (High (Key- Program 
(HD6301Y0) Output or Low) Function board) Label 
Ps5,/IS Input Low STROBE signal STROBE — 
Peg Input -— Key data input signal By P6DTR 
Pei Input — Bo 
Peo Input — B3 
P63 Input — By 
Pex Input —- Bs 
Pes Enpuc: = Be 


8.1.6 Hardware Operation 


The timing chart for the ASCII keyboard is shown in figure 8-2. Ifa 
key in ASCII keyboard is depressed, data and STROBE signal are output 


as shown in figure 8-2. 


ASCII keyboard 


pin names 


STROBE signal (STROBE) — |f | 


Input strobe interrupt generated 





Figure 8-2. ASCII Keyboard Timing Chart 
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8.2 SOFTWARE DESCRIPTION 


8.2.1 Program Module Configuration 


The program module configuration for reading key data from ASCII 


keyboard is shown in figure 8-3. 


MAIN 
PROGRAM 


KEYOUT 


RECEIVE READ 
KEY DATA KEY DATA 





Figure 8-3. Program Module Configuration 


8.2.2 Program Module Functions 


Program module functions are summarized in table 8-2. 


Table 8-2. Program Module Functions 


No. Program Module Name Label Functions 


0 MAIN PROGRAM KEYMN Receives key data from ASCII keyboard 
and accesses roll buffer. 


1 RECEIVE KEY DATA KEYIN Receives key data and writes then to 
roll buffer. 


2 READ KEY DATA KEYOUT Reads data in roll buffer. 





© HITACHI 
958 


8.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 8-4 is an example of key data input from ASCII 


keyboard performed by the program module in figure 8-3. 


K EYMN 


KEYMN 


pom ea] 


KEYMN1 


' KEYOUT : 


Main Program 



















Initialize stack pointer. 


in roll buffer. 







Initialize port 6 control/status register 
to enable latch and input strobe interrupt. 


ie pointers to valid data addresses, 


----| Enable interrupts. 





----| Read key data in roll buffer. 





--4 Test if there is key data in roll buffer. 


Input strobe interrupt routine. 


re rate Receive key data and write them to roll 
buffer. 





Figure 8-4. Program Module Flowchart 
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8.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: RECEIVE KEY MCU/MPU: HD6301Y0/ Label: KEYIN 
DATA HD6303Y 





Function: 


Receives key data from ASCII key board and writes them to roll buffer. 


Arguments: None Changes in CPU Specifications: 


Registers and Flags: 


ACCA ACCB ROM (Bytes): 27 
RAM (Bytes): 20 
Stack (Bytes) :0 
No. of cycles: 48 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 


Not affected 
Undefined 
Result 





Description: 

1. Function Details 
KEYIN has no arguments. 
Example of KEYIN execution is shown in figure 8-5. If "A" in ASCII 
keyboard is pressed as shown in part @ of figure 8-5, key data'‘is 


written to roll buffer as shown in part Q) of figure 8-5. 


KEYIN calls neither the program modules nor subroutines. 


Specifications Notes: 


N/A 
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MCU/MPU: HD6301Y0/ Label: KEYIN 


Program Module Name: RECEIVE KEY 


DATA 


HD6303Y 





Press 
Na" ke 
m b7 PS+1 b0O 


@) Before PS+1 (RAM) ($00) 
execution PE+1 
PE+1 (RAM)($ 00) 


KEYBUF(RAM) [** 1 
| «+ | lisbyte 
| 


b7 PSt+l bO 


PS+1 (RAM) ($00) 
Q) After PEF1 
execution| PE+1 (RAM) ($01) 


KEYBUF(RAM) 


| 
* *: Undefined hexadecimal data ‘a 


Figure 8-5. Example of KEYIN Execution 


Description: Al 


16 byte 


2. User Notes 
a. Both KEYIN and KEYOUT must use the same roll buffer. 
-b. The following procedure must be performed before KEYIN execution. 
i. Initialize pointers to valid data addresses. 


ii. Initialize port 6 control/status register to enable latch and 
input strobe interrupt. 


iii. Enable interrupts. 


iv. Press a key in ASCII keyboard. 


3. RAM Allocation 


Label RAM Description 

| b7 bO 

ps Starting pointer indicating start address of 
valid data in roll buffer. 

OE End pointer indicating last address of valid 
data in roll buffer. 

KEYBUF 16 bytes roll buffer to which key data will 


be written. 
5 Ce A ee | 
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Description: 


Program Module Name: RECEIVE KEY 


MCU/MPU: HD6301Y0/ Label: KEYIN 
DATA 


HD6 30 3Y 





4. Sample Application 


CLRA 

CLRB ° e e. e 

STD PS Initialize pointers. 

STD PE 

LDAA #$48 beck Sar . 

STAA PG6CSR I Initialize port 6 control/status register. 
CLE Enable interrupts. 


5. Basic Operation 


a. Roll buffer operation 


i. 


ii. 
Os Hea 
iv. 


Vv. 


Data in roll buffer is accessed using starting pointer PS(RAM), 
indicating start address, and end pointer PE(RAM), indicating 
the last address. 


When data is written to roll buffer, data is stored in the address 
indicated by PE(RAM); PE(RAM) is then incremented. 


When data is read from roll buffer, data is loaded from the address 
indicated by PS(RAM); PS(RAM) is then incremented. 


When increment of PS(RAM) and PE(RAM) generates overflow, data is 


stored from the start address again. 


Roll buffer in this program can store 115 bytes of data. 


b. KEYIN Operation 


is 


ids 


iii. 


962 


PE (RAM) is incremented and checked if it equals PS(RAM). 


If equal, data cannot be written to roll buffer since roll buffer 
cannot store more data. | 


If not equal, data can written to roll buffer and PE(RAM) is 
incremented. 
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MCU/MPU: HD6301Y0/ Label: KEYIN 


Program Module Name: RECEIVE 
HD6303Y 


DATA 





Flowchart: 


KEYIN 


KEYIN 


EOC SE Ace Clear input strobe interrupt request flag 
to enable interrupts. 


(P6DTR)— ACCA 


PE> IX -| 02a end pointer to last address. 


(PE+1)—ACCB 
Increment end pointer to last address. 


(If over "$F", it becomes "0".) 
(ACCB)-+1->ACCB | 


(ACCB)A$0F—> 


> 
O 
‘) 
se) 







(ACCB)=(PS+1) --4 Test if roll buffer is full. 





(ACCB) = 
(PS+1) 


(ACCB) # (PS+1) 









(ACCB)—>PE+1 -| Store end pointer. 


(P6DTR) +(KEYBUF+IX) --| store key data in roll buffer. 


KEYINI 
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Program Module Name: READ KEY DATA MCU/MPU: HD6301Y0/ Label: KEYOUT 
HD6303Y 





Function: 


Reads key data from roll buffer. 





‘Arguments: Changes in CPU Specifications: 







Registers and Flags: 


ACCD 
ACCA ACCB 


storage No. of 


Contents Location Bytes 








ROM (Bytes): 20 
Entry RAM (Bytes): 18 
Stack (Bytes): Q 
No. of cycles: 34 
Reentrant: No 


Relocatable: No 


Interrupt OK?: Yes 


Data in ACCB 
roll buffer 


Valid data Bit C 
indicator (CCR). 


Not Affected 
Undefined 
Result 





Description: 


l. Function Details 


a. Argument details 


ACCB: Contains data read from roll buffer. 
bit C(CCR): Contains valid data indicator which shows whether or not 
there are valid data in roll buffer. 


bit C=0: Indicates data is read from roll buffer. 


Specifications Notes: 
N/A 
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Program Module Name: READ KEY DATA 


MCU/MPU: HD6301Y0/ Label: KEYOUT 


HD6303Y 





Description: 
bit C=1l: Indicates there is no data in roll buffer. 


b. Example of KEYOUT execution is shown in figure 8-6. If KEYOUT is 
executed with the condition shown in pave ee figure 8-6, data is stored 
in ACCB as shown in part Q)of figure 8-6. 


b7 PS+1 b0 
Poh (RAM) 
PE+1 


Q) Before cere ce 
F 


execution |KEYBU 





PS+1 


PE+1 


b7 PStl  b0 


Pst (RAND 
($02) 
PE+1 
(2) After PE+1 (RAM) 


] 
execution | ($03) Bit Cc 
ACCB 


xcs [2] 


Figure 8-6. Example of KEYOUT Execution 


c. KEYOUT calls neither the program modules nor subroutines. 


2. User Notes 


Both KEYIN and KEYOUT must use the same roll buffer and must be executed in 
pairs. | 
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Program Module Name: READ KEY DATA MCU/MPU: HD6301Y0/ 


Label: KEYOUT 





HD6 30 3Y 





Description: 


3. RAM Allocation 


Label RAM 
b7 b0 Description 

PS } Starting pointer indicating start address of 
valid data in roll buffer. 

PE 

} End pointer indicating last address of valid 

data in roll buffer. 

KEYBUF 
16 bytes roll buffer to which key data will be 

+ T written. 


4. Sample Application 


Loop || JSR KEYOUT |} ----- Call KEYOUT. 


BCS LOOP ---- Test if there is data in roll buffer. 


STAB WORK ~--- Store return argument in RAM, 
| 
l 
| 
5. Basic Operation 


a. Contents of starting pointer PS(RAM), indicating starting data address 
in roll buffer, is compared with contents of end pointer PE(RAM), 
indicating last data address in roll buffer. 


b. If equal, bit C is set to "1" since there is no data in roll buffer. 


c. If not equal, data is read from the address indicated by PS+1(RAM) and 
PS+1(RAM) is incremented. Bit C is cleared to indicate data is read 
from roll buffer. 
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Program Module Name: READ KEY DATA MCU/MPU: HD6301Y0/ Label: KEYOUT 


HD6303Y 





Flowchart: 












payee rear een | Load starting pointer into IX. 


CPS: PS+1 )-1X 


(IX) = (PE: PE+1) 
sap eee Test if there is data in roll buffer. 


(IX) # (PE: PE+1) 


Load data in roll buffer into return 
argument. 


(KEYBUF + IX)—>ACCB 


CPS+1)—-ACCA 


__._—-__] Increment starting pointer to start 
address. 


Te eee Clear valid data indicator showing 
data is read from roll buffer. 


Set valid data indicator showing 
Ee ae there is no data in roll buffer. 
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8.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


8.5 PROGRAM LISTING 
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00001 ok 
00002 FORO OOROKRK = RAM ALLOCATION oko ototokotokotokok ok kok KKK 
00003 * 
00004A 0040 ORG $40 
00005 * 
OO006A 0040 0002 APS RMB Z Starting pointer 
O0007A 0042 0002 A PE RMB. 2. End pointer 
OO008A 0044 0010 A KEYBUF RMB 16 Key buffer 
OO009A 0054 0001 A WORK RMB 1 Work area for data 
00010 K 
00011 yoo HOOK SYMBOL DEFINITIONS 20k tok ok OK KKK KKK 
00012 * 
00013 0016 A P6DDR EQU $16 PORT 6 data direction register 
00014 0017 A P6éDTR EQU $17 PORT 6 data register 
0001S 0021 A P6CSR EQU $21 PORT 6 control/status eoneter 
00016 ORO OOO OOOO ORO OOK OIOR OR IO OI OKOK FOR KOK OK HOR HOH KOK KK KK OOK IK KK 
00017 * XK 
00018 * MAIN PROGRAM KEYMN > 
00019 * * 
00020 SOOO OOO IOI ORI OOOO OOOO KR IOOOK OIOK KKK KOK 
00021 * , 
00022A COO0O0 ORG $CO000 
00023 * 
00024A COOO 8E 013F A KEYMN LOS H$13F Initialize stack pointer 
0002S5A C003 4F - CLRA Clear pointers 
00026A C004 97 40 A STAA PS . 
Q00027A C006 97 41 A STAA PS+1 
00028A C008 97 42 A STAA PE 
00029A COOA 97 43 A STAA PE+) 
00030A COOC 86 48 A LDAA H$48 
00031A COOE 97 21 A STAA P6CSR Initialize port6é CSR 
00032A C010 OE Cet Enable interrupts 
00033A C011 BD CO1A A KEYMN1 JSR KEYOUT Read key data from roll buffer 
00034A C014 25 FB COl11 BCS KEYMNI Check data in roll buffer 
0003S5SA C016 D? S4 A STAB WORK Store key data in RAM 
00036A C018 20 F7 COll BRA KEYMN1 
00037 FOOIOROOR OK OOOO OK OO OOK ORO KHOR IOI I OR OOK OK KOK ICOKOK ACK 
00038 * * 
00039 * NAME KEYOUT CREAD KEY DATA) »K 
00040 * * 
00041 SOOO OOOO OR OR OKO OIOR IOI OIOK OOK ICO OR OO OK OK HOK HOOK KOK 
00042 * * 
00043 * ENTRY NOTHING »k 
00044 >» RETURNS ACCBCDATA IN ROLL BUFFER) »K 
0004S * CARRY (C=0: TRUE,.C=1:FALES) > 
00046 * * 
00047 OOOO OR OOOO OKO OOOO IO OOK OK ROI OHO IO K FORK HOOK KOK 
00048A CO1A DE 40 A KEYOUT LDX PS Load starting pointer 
O00049A CO1C 9C 42 A CPX PE Check data in roll buffer 
OOOSOA CO1E 27 OC CO2C BEQ KEYOT1 Branch if no data 
OO0S1A C020 E6 44 A LDAB KEYBUF,X Load Key data 
000S2A C022 96 41 A LDAA PSt1 
00053A C024 4C INCA Increment starting pointer 
O0054A CO2S 84 OF A ANDA HSOF 
OOOSSA C027 97 41 A STAA PS+]1 
OO0S6A C029 OC CUE Clear carry 
O000S7A CO2A 20 O01 CO02D BRA KEYOT2 
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000S8A CO2C OD 
O00S9A CO2D 39 


00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 
000714 
00072A 
00073A 
O0074A 
00075A 
O0076A 
00077A 
00078A 
QO079A 
Q0080A 
00081 
00082 
00083 
00084 
00085 
00086 
Q0087A 
00088 
O0089A 
O0090A 
QOO091A 
00092A 
00093A 
00094A 
OOO9SA 
OO096A 
O0097A 
00098A 
00099A 
00100 
00101 


CO2E 
C030 
CO32 
C034 
C036 
CO3? 
C039 
CO3B8 
CO3D 
CO3F 
C041 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF 
FFFA 
FFFC 
FFFE 


0¢ CO4 


COO0 
CO00O 
C000 
C000 
C000 
COO00 
C000 
COZ2E 
COO00 
COO0 
CO00 


DrRrerrprp rrPrTyYD 


pPDrprprprprryrprTyp 


KEYOT1 SEC 


KEYOT2 RTS 
HORII IOI OIC OOK ORO OR OOK OOK ACO IOI KOK ACK I ok 


Set carry 


*K * 
* NAME: KEYIN CRECEIVE KEY DATAD K 
> K 
YOO OOK OK OR IO AOR OO OI OK OK OOK OK KOK KOK KOK ICIOK OK IK 
*K * 
*K ENTRY NOTHING K 
*« RETURNS NOTHING ok 
* K 
YOR IO KOR OR IORIOR ORO OOO OOO ORK IO ROC OK OOK 2K HOKOK IK KOK 
KEYIN LDAA P6CSR Clear interrupt request flag 
LDAA P6DTR 
L.DX PE Load end pointer 
LDAB PE+] 
INCB Increment end pointer 
ANDB HSOF 
CMPB PS+1 
BEQ KEYINI Test if roll buffer is full? 
STAB PE+] Store end pointer 
STAA KEYBUF.X Store data in roll buffer 
KEYINI RTI 
FOIOOIOROIOIOR IOI OOK OR IORI ORO OK OK OR FOR IORI HOR OK NOK IK AAO 
* * 
*K VECTOR ADDRESSES i 
* k 


DK OK KK COKE KCC OE KK 2 ECC I EC HC 2K OK OK HOOK EC ECCI OK ECO I KOK CK OK KOK OK OK HE I 
»K 
ORG SFFEA 
*K 
FOB KEYMN IRQ2 
FOB KEYMN NMI 
FDB KEYMN TRAP 
FOB KEYMN SIO 
FOB KEYMN TOI 
FDB KEYMN OCI 
FOB KE YMN ICI 
FDB KEYIN IRGI/ISF 
FDB KEYMN SWI 
FDB KEYMN CMI 
FDB KEYMN RES 


END 
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SECTION 9. CENTRONICS INTERFACE 
9.1 HARDWARE DESCRIPTION 


9.1.1 Function 


Interfaces the HD6301Y0 with a printer and sends ASCII data, stored in 


internal RAM, be printed. 


9.1.2 Microcomputer Operation 


The HD6301Y0 defines port 6 control/status register and performs parallel 
handshaking between the IS pin, 0S pin, port 6 and the printer. Port 6 
input strobe interrupt routine, is executed at the falling edge of the 


TS pin to store data in port 6 and output the STROBE signal. 


9.1.3 Peripheral Devices. 


Printer: Uses a centronics interface format. 


9.1.4 Circuit Diagram 


The centronics interface circuit is shown in figure 9-l. 


MCU 
HD63801Y0 
(HD6308Y) 


Printer 


man ACK 
ng(22 





Figure 9-1. Centronics Interface Circuit 
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9.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0 and the printer are 
shown in table 9-1. 


Table 9-1. Pin Functions 


Pin Name Input/ Active Level Pin Name Progran 
(HD6301Y0) Output (High or Low) Function (Printer) Label 
Psi/1o Input Low Acknowledge signal ACK — 
P../OS Output Low | Strobe signal STROBE — 
Peo Output —— Display data DATA) P6ODTR 
Pea Output — “DATA,” 

Peo Output — DATA3 

Pes Output -—— DATA, 

Poy Output -— DATAS 

Bie Output — DATA. 

Peg Output — ‘DATA7) | 

Pes Output — DATA8 


9.1.6 Hardware Operation 


ACK signal, STROBE signal, and data lines of the printer are controlled 
by the parallel handshake interface of the HD6301Y0. The timing chart 


of each signal is shown in figure 9-2. 


Printer pin names 


ACK 


DATA,~DATAs: 





Figure 9-2. Centronics Interface Timing Chart 
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9.2 SOFTWARE DESCRIPTION 


elk Program Module Configuration 


The program module configuration for printing characters is shown in 


figure 9-3. 


MAIN 0] 


_ PROGRAM 





Figure 9-3. Program Module Configuration 


9.2.2 Program Module Functions 


Program module functions are summarized in table 9-2. 


Table 9-2. Program Module Functions 
No. Program Module Name Label Function 


0 MAIN PROGRAM SENMN Initializes the interface between 
the printer and the HD6301Y0. 


1 SEND DATA SEOUT Sends ASCII character codes to the 


printer. 
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9.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 9-4 shows the procedure for printing characters 
as performed by the program module in figure 9-3. An example of 


printed output is shown in figure 9-5. 


Main Program 


op) 
HH 


13F—>SP Initialize stack pointer. 


$FF>P6DDR ---| serect port 6 as output. 


Initialize port 6 control/status register 
to enable interrupts, output OS signal, and 
generate OS signal by writing to port 6. 


$70—-P6CSR 


| 
| 
C7) 


0o— Bit I { nadie interrupts. 


Load ROM address where characters to be 
printed are stored. 


(IX)—DATIX 


| store this address in DATIX (RAM). 


DATA~>IX -- 


Store character data in port 6 to enable 


CIX)>P6DTR | ~ 5 bene 6 input strobe interrupts. 


EN D 


SEOUT Port 6 input strobe interrupt routine. 


SEND DATA ~--| send character data to printer. 





\ Figure 9-4. Program Module Flowchart 
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aqaggq0qg0g00 


ITIITIIgTT 
x 
x 
=z 
IITITIILT 


2DIIDII9N25D 


FSZIZZS 





Example of Printed Characters 


Figure 9-5. 
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9.3 PROGRAM MODULE DESCRIPTION 


MCU/MPU: HD6301Y0/ Label: SEOUT 
HD6303Y 


Program Module Name: SEND DATA 





Function: 


1. Sends ASCII codes, stored in data table of memory, to the printer. 


2. Finishes sending if $FF is found in data table. 










Arguments: Changes in CPU Specifications: 





Registers and Flags: 


ACCD 
ACCA ACCB 


Storage No. of 


Contents Location Bytes 




















ROM (Bytes): 20 
Starting DATIX 2 
address of RAM 
data table ( ) 


Entry RAM (Bytes): 2 


Stack (Bytes): 0 








No. of cycles: 37 


Reentrant: No 





Relocatable: Yes 





Interrupt OK?: Yes 


Not affected 
Undefined 
Result 





Description: 


Function Details 





dis 
















Argument details 


DATIX (RAM): Holds the address of the data table that stores characters 
to be printed in ASCII. 





Example of SEOUT execution is shown in figure 9-6. If entry arguments 
are as shown in part @) of figure 9-6, data is printed as shown in part 
of figure 9-6. 


SEOUT calls neither the program modules nor subroutines. 





Specifications Notes: 


"No. of cycles" in "Specifications" indicates the number of cycles required to 
send data. 
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Program Module Name: SEND DATA 






MCU/MPU: HD6301Y0/ ~—- ~+||Label: SEOUT 


HD6303Y 


Description: 


2. User Notes 


a. The data table can have a maximum size of 65535 bytes, since index 
addressing mode is used. 


b. The following procedure must be performed before SEOUT execution. 


i. Initialize part 6 control/status register for input strobe 
interrupts. 


ii. Clear bit I and enable interrupts. 


iii. Set data to port 6 for input strobe interrupt generation. 


bitL5 DATIX DATIX+1 bitO 


Entry D : 
@ (Chany 


arguments 


Data table 


Q) Result 





Figure 9-6. Example of SEOUT Execution 
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Program Module Name: SEND DATA 





MCU/MPU: HD6301Y0/ Label: SEOUT 


HD6303Y 





Description: 


3s 


4. 


RAM Allocation 


Label RAM Description 
b7 b0 


DATIX Upper Used as a pointer to the data table. 


Lower 


Sample Application 


LDAA #$FF 
STAA P6DDR 
LDAA #$70 
STAA P6CSR 


| ----- Select port 6 as output. 


----- Define parallel handshake interface. 


CoE == © cttreete= Enable interrupts. 

LDX eee ies Load starting address of data table into entry 
STX DATIX argument 

IDAA O,X | Store data in port 6 for input strobe interrupt 
STAA P6DTR generation. 


Basic Operation 


ae 


Dummy-reading of port6 control/status register is performed and 
interrupt request flag is cleared. 


DATIX(RAM) is loaded into IX and IX is incremented. 
Contents of IX are then restored in DATIX(RAM). 


Character data is loaded into ACCA using index addressing mode. 
Data loaded is tested for $FF. 


Contents of ACCA are stored in porté. 
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Program Module Name: SEND DATA Label: SEOUT | 


MCU/MPU: HD6301Y0/ 
HD6 303Y 












Flowchart: 
SEOUT 
S EOUT 
crecsn) acca] ———| pummy-read port 6 control/status register. 
(DAT IX) IX ---| toss address of data table into IX. 
C(IX)+1—>I1X ---| morenent address of data table. 
(IX)—-DATIX ---| store address of data table. 
Load into ACCA i i 
(IX) ACCA ___| Loa character data into AC uSing index 
addressing mode. 
ACCA)=$FF 
(ACCA) =$FF —-—-| Test if end of data table. 
(ACCA) $FF 
Send printing data and clear interrupt 
KACCA) 7 PODTR request flag. 
D = 
(PepTR)— ACCA | ——— yummy read port 6 and clear 
interrupt request flag. 
SEOUT 2 


RT I 
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9.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


9.5 PROGRAM LISTING 


00001 * 

00002 OK OKOK RAM ALLOCATION OOOO OOK OK ROKK KOK OK 2K KOK 
00003 * 

OO004¢A 0040 ORG $40 

00005 * 

OO0006A 0040 0002 A DATIX RMB Z Start address of data table 
00007 Xk 

oo008g MOK KN SYMBOL DEFINITIONS oko OK ROK OK OK OK KOK OK OK 
00009 > 

00010 0016 A P6éDDR EQU $16 Port 6 data direction register 
00011 0017 A P6DTR EQU $17 Port 6 data register 
00012 0021 A P6CSR EQU $21 Port 6 control/status register 
00013 SOK SIOKO OOK OOK OOOO OR OK OOK FOK KOK KK OK HOOK HC 

00014 x XK 

00015 * MAIN PROGRAM SENMN yc 

00016 XK . 

00017 OOO OOO KIO OKO OK OK ROK OK OOK OR OK OIOK 2K kK 2 MOK OK OK ACK 

00018 * 

00019A C000 ORG SCOOO 

00020 * 

00021A COOO 8E O13F A SENMN LDS H$S13F Initialize stack pointer 
00022A C003 86 FF A LDAA HSFF Select port 6 as output 
00023A COO0S 97 16 A STAA P6DDR 

00024A COO? 86 70 A LDAA H$S70 Initialize Pdé6CSR 

Q0002SA CO09 97? 21 A STARA P46éCSR 

00026A COOB OE CLI Enable interrupts 

00027A COOC CE CQO2B A LDX HDATA Load data table pointer 
00028A COOQF DF 40 A Six DATIX Store data table pointer 
00029A C011 AG OO A LDAA Oise Load data 

OO030A CO13 97 17 A STAA PEDTR 

00031A C015 20 FE £015 PEND BRA PEND 

00032 TIGROK FORK IOIOR SOK IG KK MOR KOK FOr ROK IC KOR TOK HCHO OK ASK KOK 3K 

00033 x ” 

00034 > NAME SEOUT (SEND DATA) ¥ 

00035 * , 2k 

00036 OIRO OOK A OOK OR OOK OOK OR OOK KOR MOR KA ME HO 

00037 x x 

00038 * ENTRY NOTHIG ak 

00039 *k RETURNS NOTING kK 

00040 XK *K 

00041 OR OOOO OOOO OOOO OR IO OO OOO KOK OK HOK KKK 

00042A CO17 96 21 A SEOUT LOAA P6CSR Clear interrupt request flag 
00043A CO19 DE 40 A LDX DATIX Increment data table pointer 
00044A CO1B 08 INX 

O00045A CO1C OF 40 A STX DATIX 

O0046A CO1E A6 OOD A LDAA O.X Load data 

00047A CO20 81 FF A CMPA RHSFF Test if data=$FF 

00048A C022 27 04 C028 BEQ SEOQUT1 Branch if data=$FF 
00049A C024 97 17 A STAA P6DTR Store data 

OOOSOA C026 20 02 COZ2A BRA SEOUT2 Branch always to SEQUT2 
00051A C028 96 17 A SEOUT1 LDAA P6DTR Dummy read Port 6 

00052A CO2A 3B SEOUT2 RTI 

00053 SOOO OR OOK OOK OTOR OK ORO OK HORII ROK OOK HOK HOR KOK OKO KOA 

00054 * * 

000SS * DATA TABLE K 

00056 * * 

00057 SOOO OOO OOK OOK TOR OR OR OK OOK KOK OK HOOK OK KK KOK IK 
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000S8A 
OO00S9A 
OO060A 
O0061A 
00062A 
00063A 
00064A 
OO06SA 
O0066A 
00067A 
00068A 
O0069A 
00070A 
00071A 
00072A 
O0073A 
00074A 
0007SA 
0O0076A 
00077A 
00078A 
00079A 
0O0080A 
00081A 
00082A 
00083A 
00084A 
0008S5A 
00086A 
00087A 
00088A 
O00089A 
000904 
OO091A 
00092A 
O0093A 
00094A 
O009SA 
00096A 
00097A 
00098A 
O0099A 
00100A 
00101A 
00102A 
00103A 
00104A 
0010SA 
00106A 
00107A 
00108A 
00109A 
00110A 
00111A 
00112A 
00113A 
00114A 
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C028 
cO31 
C037 
C030 
C040 
C046 
CO4C 
cos2 
COs8 
COSE 
C062 
C068 
CO6E 
C070 
C076 
CO7C 
C082 
Coss 
COBB 
co91 
C097 
CO9D 
COAS 
COA? 
COAD 
COB3 
COBS 
COBB 
cocl 
COC? 
COCA 
CODO 
COD6 
cODC 
COE2 
COE8 
COEC 
COF2 
COF8 
COFA 
C100 
C106 
C10C 
C1OF 
C115 
C118 
C121 
C127 
C120 
C131 
C137 
C13D 
C13F 
C145 
C148 
C1St 
C154 


GPrrrrrrrrrrsrrrrrrrrrrrrrrrrrryryrprrrrrrrrrrrrrrrrrrrrrprrrrprTyDp 


we, 
> 
ae 
> 


FEE 
FCC 
FEC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCB 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCB 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
FCB 
FCC 
FCC 
FCC 
FCC 
FCC 
FCC 
PCE 
FCC 
FCC 
FCC 
ee 
FCC 
FCB 
FCC 
FCC 
FEE 
PCC 
FLE 


/M M / *1 column data 

7 CCC / . 

/U U / 

/ / 

/H H / 

/OD0D / 

/ 66 / 

133333 / 

/ 000 / 

4/1 7¢ 

/Y Y / 

/ 000 / 

$00.$0A 

/MM MM 7 *2 column data 

/C Cs 

7U U / 

/ / 

7H H / 

/D D / 

/ 6 / 

/ 67 

/0 0 / 

4/11 / 

ZY 5 ees 

/0 O / 

$0D.$0A 

/M MM / *3 column data 

/C / 

/U U / 

/ / 

JH H / 

/0 D / 

/6 / 

/ 3 Ps 

/O OO / 

/ 1 7 

TY CF 

/0 00 / 

$0D,$0A 

/M MM / *4 column data 

/C / 

/U U / 

/ / 

ZHEHHH / 

/D D / 

16666 / 

/ S:. -f 

/0 00 / 

4/1 7 

/ / 

/0 00 / 

$00, $0A 

/™ M / *S column data 

/C / 

/U U / 

/ / 

7H H / 
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00115A C1SA 44 A FCC /D D / 
00116A C160 36 A FCC /6 6 / 
00117A C166 20 A ge / 3 / 
00118A C1é6C 30 A FCC /00 O / 
00119A C172 20 A FCC / 1 J 
00120A C176 20 A FCC aa | vA 
00121A C17C 40 é) FCC /00 O / 
00122A C182 OD A FCB $00. $0A 
00123A C184 4D A) FCC /M M / *6 column data 
00124A C18A 43 A FCC /C C / 
0012S5A C190 SS A FCC 7U U / 
00126A C196 20 A FCC / / 
00127A C199 48 A FCC 7H H / 
00128A C19F 44 A FEE /D DOD SZ 
00129A CLAS 36 A FCC /6 6 / 
00130A C1AB 33 A FCC /3 a. / 
00131A C1Bl1 30 A FCC 70 0 / 
00132A C1B? 20 A FCC / 1 Zs 
00133A C1BB 20 A FCC / 
00134A C1Cl 30 A FCC /0 0 / 
00135A C1C7 OD A FCB $0D., 30A 
00136A C1C9 4D A FCC /M M / *? column data 
00137A C1CF 20 A FCC / CCC: +7 
00138A. C1DS 20 A FCC / UUU / 
00139A C10B 20 A FCC / / 
00140A C1DE 48 A FCC /H H / 
00141A C1E4 44 A FCC /DDD / 
00142A C1EA 20 A FCC / 666 / 
00143A C1FO 20 A FCC / 3355 7 
00144A C1F6 20 A FCC / 000 / 
0014S5A C1FC 31 A PEC /111 7 
00146A C200 20 A FCC / ra 
00147A C206 20 A FCC / 000 / 
00148A C20C OD A FCB $00.$0A, SFF 


00149 FOIOOOIOIOOIOKO OOO OOK OOOO IOI KOK IORI KORO I OK KK 
00150 * Xk 
00151 *x VECTOR ADDRESSES * 
00152 * . 
00153 YOO IO IOOIOR OOOO IOI OI OOOO OOK KK KOK 
00154 * 

00155A FFEA ORG SFFEA 

00156 * | 

001S7A FFEA COOO A FOB SENMN IRQ2 

00158A FFEC COOO0 A FOB SENMN CMI 

00159A FFEE COoOoO A FOB SENMN TRAP 

00160A FFFO COOO A FOB SENMN SIO 

00161A FFF2 COO0O A FDB SENMN TOI 

00162A FFF4 COOO A. FOB SENMN OCI 

00163A FFF6 COO0O A FDB SENMN ICI. 

00164A FFF8 CO17 A FDB SEOUT IRG1/ISF 

0016S5A FFFA COOO A FDB SENMN SWI 

00166A FFFC COOO A FOB SENMN NMI 

O00167A FFFE COOO A FOB SENMN RES 

00168 ae 

00169 END 
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SECTION 10. DATA TRANSFER WITH ASYNCHRONOUS SCI 
10.1 HARDWARE DESCRIPTION 


10.1.1 Function 


Receives ASCII from the console typewriter as asynchronous serial data, 
and sends ASCII to the console typewriter converting lower case letters 


into uppercase letters. 


10.1.2 Microcomputer Operation 


The HD6301Y0 sends/receives data to/from the console typewriter by 
asynchronous SCI (serial communication interface), defining the band 
rate as 4800 BPS. RS232C level for data transfer should be selected. 
Transfer format is defined as 1 start bit + 8 bits of data + 1 stop 
bit by the rate/mode control register. Signals CTS and RTS of the 
console typewriter are controlled through bits O and 1 of port 5. 


10.1.3 Peripheral Devices 


Console Typewriter: Sends/Receives data to/from the microcomputer. 


10.1.4 Circuit Diagram 


Asynchronous SCI circuit is shown in figure 10-1. 


MCU 
HD638301Y0 
4 (HD6303Y) 


Console typewriter 


HD 75188 


y 5 | STB | — 
HD 75189 
18 e 


49152MHz[__] 


—12V 
HD 75188 


1. 
1$2076 47kO) HD 75189 
12 oe 


27kQ): 


22pF sy 


—12V 





Figure 10-1. Asynchronous SCI Circuit 
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10.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0O and the console 


typewriter are shown in Table 10-1. 


Table 10-1. Pin Functions 


Pin Name 
Pin Name Input/ Active Level (Console Program 
(HD6301Y0) Output (High or Low) Function Typewriter) Label 
P59 Output Low Outputs sending data CTS P5DTR 
request signal to 
the console type- 
writer. 
Poy Input Low Inputs sending data RTS 
request Signal from 
the console type- 
writer. 
P, ,/RX Input — Receives serial data Tx = 
from the console 
typewriter. 
Po,/TX Output — Sends serial data Rx rer: 
back to the console 
typewriter. 


10.1.6 Hardware Operation 





The timing chart for sending/receiving data and control signals are 
shown in figure 10-2. This application example generates the timing 
by software. 


HD6801Y0 OFG-F+4% 


Psi(CTS) 


Sending 
data 


Start bit 





Pso(RTS) 


Receiving 
data 


MSB 
Start bit Stop bit 





Figure 10-2. Timing Chart for Sending/Receiving Data 


@ HITACHI 
983 


10.2 SOFTWARE DESCRIPTION 


10.2.1 Program Module Configuration 


The program module configuration for sending/receiving data to/from 


the console typewriter is shown in figure 10-3. 


MAIN 
PROGRAM 


SCIOUT 


1 2 | CONVERT 
ASCII 
RECEIVE DATA SEND DATA - LOWERCASE INTO 
UPPERCASE 





Figure 10-3. Program Module Configuration 


10.2.2 Program Module Functions 


Program module functions are summarized in table 10-2. 


Table 10-2. Program Module Functions 


No. Program Module Name Label Function 














0 MAIN PROGRAM SCMN Send/Receive data to/from the console 
typewriter using asynchronous SCI. 

Ae RECEIVE DATA SCIIN Receive data from the console typewriter. 

2 SEND DATA SCIOUT Send data back to the console typewriter. 

3 CONVERT ASCII TPR Converts ASCII lowercase into uppercase. 
LOWERCASE INTO Refer to TPR in HD6301/HD6303 FAMILY 
UPPERCASE APPLICATION NOTES (SOFTWARE) for details. 
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10.2.3 


Program Module Process Flow (Main Program) 


The flowchart in figure 10-4 shows the procedure for sending/receiving 
data to/from the console typewriter, using the program module in figure 
10-3. If ASCII lowercase characters are received, the main program 


converts them into uppercase. 


' SCMN Main Program 


” 
2 
2 


$13F — SP |--—--| Initialize stack pointer. 


1 


0 > INFLG |~—7| Clear RAM. 


$01 —+ P5DTR |—----| Set signal RTS to High. 


TT 


$01 + P5DDR J--—| Initialize port 5. 


rs 


Initialize rate/mode control register to 
input the SCI clock from timer 2 and to 
define transfer format as 1 start bit +8 
bit data. | 
Initialize TX/RX control status register 
2 to no parity bit and 1 stop bit. 


$24 — RMCR |—--- 


f—— 4 


0 ~TRCSR2 | 7 


Pod 


Initialize timer control/status register 
3 to start E clock input into timer 2 up 
counter. 


$14—TCSR38 J7—77 


Initialize Tx/Rx control status register 
1 to enable receiving interrupts and 
start receiving. 


$18—TRCSR1 |7~ 7 


Define time constant register as 4800 


$07 —-TCONR | 7 BPS. 


m1 FO 1 FI 


0 — Bit I bable interrupts. 


| 
Cig | 


Figure 10-4. Program Module Flowchart 
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0-0, P5DTR 


---| set signal RTS to Low. 


Test if data is received from the console 
~~! typewriter. 


___| Clear flag indicating data is 
received. 


—--—j} Set signal RTS to Low. 


into uppercase. Refer to TPR in 
HD6301/HD6303 FAMILY APPLICATION NOTES 
(SOFTWARE) for details. 


[ince TPR to convert ASCII lowercase 


Send data back to the console typewriter. 


SCIIN 


SCIIN 


RECEIVE DAT 


SCL Interrupt Routine 






Receive data from the console typewriter 
-using SCI interrupts. 


Figure 10-4. Program Module Flowchart (Cont. ) 


© HITACHI 
986 


10.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: RECEIVE DATA MCU/MPU: HD6301Y0/ Label: SCIIN 
HD6303Y 


Function: 


Receives serial data from the console typewriter. 


Arguments: Changes in CPU Specifications: 


Storage Registers and Flags: 


Contents Tocation 


ACCA ACCB ROM (Bytes): 22 
cee RAM (Bytes): 2 
Stack (Bytes): 0 
No. of cycles: 41 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 


Data SCIDAT 
received (RAM) 


Receiving INFLG 
complete (RAM) 
flag 


Not affected 
Undefined 
Result 





Description: 


1. Function Details 


a. Argument details 


SCIDAT (RAM): Holds data received. 

INFLG(RAM) : Used as flag indicating whether or not receiving is 
completed. 
Table 10-3 shows flag functions. 


Example of SCIIN execution is shown in figure 10-5. If bit O of port5 
(signal RTS) is set to Low, data sent from the console typewriter is 
stored in SCIDAT (RAM) . 


Specifications Notes: 


"No. of cycles" in "Specifications" indicates the number of cycles required to 
receive data. 
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Program Module Name: RECEIVE DATA MCU/MPU: HD6301Y0/ 


Label: SCIIN 
HD6303Y 





Description: 


Table 10-3. Flag Functions 





Label bit O Function 
INFLG 0 Indicates data is not received. 
1 Indicates data is received. 





Start bit Stop bit 


SCIDAT (RAM) 7 scrpaT bO 


(Data received 
($61) 


@ Result! INFLG (RAM) INFLG 


complete flag 
($01)) 


Figure 10-5. Example of SCIIN Execution 


c. SCIIN calls neither the program modules nor subroutines. 
2. User Notes 
The following procedure must be performed before SCIIN execution. 
a. Select DDR of bit O of port 5 as output. 
b. Initialize SCI since asynchronous SCI is used. 


c. Enable interrupts for SCI interrupts. 


} 


3. RAM Allocation 


Label RAM Description 
b7 bO | | 
SCIDAT b pata sent from the console typewriter. 
Used as flag indicating whether or not data 
INFLG ; ; 
is received. 
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Program Module Name: RECEIVE DATA MCU/MPU: HD6301Y0/ Label: SCIIN 


HD6303Y 





Description: 


4. Sample Application 


CLRA 
STAA _—INFLG } cis erg 
LDAA #$01 
STAA P5DTR 3 =f: ----- Set signal RTS to High. 
STAA P5DDR 
ete Meee ' ----- Initialize rate/mode control register. 
aan TRCSR? } ----- Initialize Tx/Rx control register 2. 
LDAA #$14 } ae Initialize timer control/status 
STAA TCSR3 register 3. 
LDAA #$168 |} Initialize Tx/Rx control status 
STAA TRCSR1 register l. 
LDAA #$07 } ee Initialize time constant register to 
STAA TCONR 4800 BPS. 
BCLR 0,P5DTR ----- Set signal RTS to Low. 
oct ny a } ----- Test if receiving data is completed. 
BCLR O,INFLG #£=------ Clear receiving complete flag. 
LDAA SCIDAT ----- Load data received. 


BCLR 0O,PSDTR £=----- Set signal RTS to Low. 
' 


5. Hardware Operation 


a. If data is received in receive data register, an SCI interrupt is 
generated and SCIIN is executed. 


b. Signal RTS is set to high to disable the console typewriter from sending 
data. 


ec. Tx/Rx control status register detects whether or not overrun/framing 
error is generated. 


i. If overrun/framing error is generated, receive data register is 
dummy read and error indicator is cleared. 


ii. If error is not generated, received data is stored in SCIDAT (RAM). 
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MCU/MPU: 4p6301Y0/ Label: scrIN 


Program Module Name: RECEIVE DATA 
HD6303Y 





Flowchart: 







' , 
SCIIN 
SCIIN 
cmesti)-racca]---| Clear SCI interrupt request flag. 
1-0, P5DTR |--- set signal RTS to High and disable . 
sending data from the console typewriter. 
(6, TRCSR1 )=1 . | . 
i ___| Test if overrun/framing error is 
generated. 





(6, TRCSR1)=0 


Dummy read receive data register and clear 
flag indicating overrun/framing error. 


---| set receiving complete flag. 
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Program Module Name: SEND DATA MCU/MPU: HD6301Y0/ Label: SCIOUT 
HD6303Y 


Function: 


Sends data, loaded into ACCA, back to the console typewriter. 


Arguments: Changes in CPU Specifications: 


Storage Registers and Flags: 


Contents Pacatkion 


ACCD F 
ACCA ACCB ROM (Bytes): 16 


sent 
Stack (Bytes): Qo 


No. of cycles: 98 
Reentrant: No 
Relocatable: No 


Interrupt OK?: yes 


: Not affected 
Undefined 
: Result 





Description: 
1. Function Details 


Argument details 
ACCA: Holds data to be sent back to the console typewriter. 


Example of SCIOUT execution is shown in figure 10-6. | 
If entry argument is as shown in part Q) of figure 10-6, data is 


sent to the console typewriter as shown in part Q) of figure 10-6. 


SCIOUT calls neither the program modules nor subroutines. 


Specifications Notes: 


N/A 
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Label: scroutr 


MCU/MPU: HD6301Y0/ 
HD6303Y 


Program Module Name: csEnp pata | 





Description: 


b7 ACCA b0 


@ argument (ACCA 
argument 





| LSB MSB 
Start bit Stop bit 


Figure 10-6. Example of SCIOUT Execution 


2. User Notes 


Initialize SCI for asynchronous SCI. 


3. RAM Allocation 


RAM is not used during SCIOUT execution. 


4. Sample Application 


LDAA #$24 } 


STAA pMcR [oT Initialize rate/mode control register. 


oom ome case came eo . 7 + R ° : 
STAA TRCSR2 t | Initialize Tx/ x control status register 2 


LDAA #$14 a 7 — | a . 
STAA TCSR3 Initialize timer control/status register 3. 
LDAA #$18 } 


STAA TRCSR1 ----- Initialize Tx/Rx control status register 2. 


LDAA #$07 | Initialize time constant register and define 
STAA TCONR baud rate to 4800 BPS. 


_ LDAA #$30 — oes Load data to be sent. 


JSR | SCIOUT | -—--- Execute SCIOUT. 
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Program Module Name: spnp DATA 


MCU/MPU: HD6301Y0/ Label: sciouT 


HD6303Y 





Description: 
5. Basic Operation 


a. Whether or not there is a sending data request from the console typewriter 


is determined by signal CTS. 


b. If signal CTS is Low, data can be sent to the console typewriter. 
If signal CTS is High, wait until signal CTS is Low. 


c. Whether or not transmit data register is empty is tested by transmit 
data register empty bit (bit 5) of Tx/Rx control status register l. 


ad. Transmit enable bit (bit 1) of Tx/Rx control status register 1 is set 
to "1" and data sending is started. 


e. Data to be sent is stored in transmit data register. 
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Program Module Name: SEND DATA 





HD6303Y 


Flowchart: 







SCIOUT 


_| Loop until sending data request is 
transferred from the console typewriter. 


(5,TRCSR1)=1 


171, TRCSR1 
CACCA )-TDR 


{se until transmit data register is 


Start sending data. 






Load data to be sent into transmit 
data register. 
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MCU/MPU: HD6301Y0/ Label: scout: 





10.4 SUBROUTINE DESCRIPTION 


This application 


10.5 PROGRAM LISTING 


00001 

00002 

00003 
00004A 0040 
00005 
OO006A 0040 
00007A 0041 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
0001? 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026A 
00027 
00028A 
00029A 
00030A 
00031A 
00032A 
00033A 
00034A 
Q0035A 
Q0036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043A 
00044A 
0004SA 
00046A 
00047A 
00048A 
00049A 
OOOSOA 
OOOS1A 
00052A 
O00S3A 
00054 
000SS 
00056 
00087 


0001 
0001 


DD 


0010 
0011 
0012 
0013 
0015 
0018 
OOIC 
OO1E 
0020 


pDprPPrPrrPrTIeD 


CO00 


COQ00 
C003 
C004 
C006 
C008 
COOA 
COOC 
COOE 
C010 
CO11 
C013 
CO1S 
CO1? 
C019 
CO1B 
CO1D 
CO1F 
C020 
CQO23 
C026 
C028 
CO2A 
CO02D 
C030 
C033 
C036 


15 
40 
CO23 
41 A 
FE 40 
PEAS 
CO38 A 
COS9 A 
EB C023 


_— 
O 
Drrrprprp ryryrPrrPTyP Pp 


example calls no subroutines. 


*K 
OOK HOR OHORHIOIOK ~RAM ALLOCATION 3 2kokok kok ok oko KOK KOK OK KOK HOOK 
*« 

ORG $40 
* 
INFLG RMB 1 


SCIDAT RMB 1 
* 


Receiving compLete flag 
Data received 


FOO OKHOKK SYMBOL DEFINITIONS 242k kok ko a ok ook KK OOK 
*x 


RMCR EQU $10 RATE/MODE CRTL REG 
TRCSR1 EQU $11 Tx/Rx CRIL REG 1 

ROR EQU $12 RECEIVE DATA REG 

TOR EQU $13 TRANSMIT DATA REG 
PSOTR EQU $15 PORTS DATA REG 

TCSR3 EQU $18 TIMER CRTL REG 3 

TCONR EQU $1C TIME CONSTANT REG 
TRCSR2 EQU $S1E Tx/Rx CRTL REG 2 

PSDDR EQU $20 PORTS DDR 
OOOO COICO OOOO ORQIOROI OOOO CORI KK IOKOKOK 
* * 
* MAIN PROGAM : SCMN * 
* AC 


ROK OOK OK OK OOO OK OK HOR OKOIOROIOROK OK HOK OK HOOK HOH KK OK HOOK OK 2K OK OK OK OK 
* 


ORG $COO00 
* 
SCMN LOS #$13F Initialize stack pointer 

CLRA Clear RAM 

STAA INFLG ~ 

LDAA H$01 Initialize port S 

STAA PSDTR 

STAA PSDDR 

LDAA H$24 Initialize RMCR 

STAA RMCR 

CLRA Initialize TRCSR2 

STAA TRCSR2 

LDAA HS14 Initialize TCSR3 

STAA TCSR3 

LDAA #$18 Initialize TRCSR1 

STAA TRCSR1 

LDAA #O? Set 4800BPS 

STAA TCONR 

CLI Enable interrupts 

BCLR O.PSOTR Set RTS=0 
SCMN1L BTST O,INFLG Test if data is received 

BEQ SCMN1 

LDAA SCIDAT Load SCI data 

BCLR O,INFLG Clear SCI flag 

BCLR Q,PSOTR Set RTS=0 

JSR TPR Convert Lowercase into uppercase 

JSR SCIOUT Send data 

BRA SCMN1 
HOG HC HCI KCK HCE CK CK KK CEC IC KC CE MEK OK CK ICICI HICK OK OK KC COI HICK OK OK 
* * 
* NAME TPR CCONVERT 8 BIT BINARY INTO »* 
a ASCII) * 
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00058 * 7 e 


00059 OOOO IO OOOO ICI OOO IORI IOOOIO OK HOR OIOK KOK IKK IK 
00060 * ; . es * 
00061 »K ENTRY : ACCA (8 BIT BINARY) *« 
00062 * RETURNS : ACCA ¢8 BIT BINARY) * 
00063 * * 
00064 SOOO OOO OOOO OOOO OOK OK OR OOO OOK OO HORKOK IK” 
0006S x 
00066A C038 81 61 A TPR CMPA H'a ACCA-‘'a' 
00067A CO3A 25 06 C042 BCS TPR1 Branch if ACCA<'a' 
00068A CO3C 81 7A A CMPA H'Z ACCA-'z' 
00069A CO3E 22 02 C042 BHI TPR1 Branch if ACCA>'z' 
00070A C040 84 DF A ANDA HSDF Convert Lowercase into uppercase 
O0071A C042 39 TPRI1 RTS 
00072 SOOO OOOO OOK OR IOI IORI IOI KOK HOR IOK KC 
00073 * . * 
00074 * NAME : SCIIN CRECEIVE DATA) * 
0007S * : ; *« 
00076 OR OOK OO IORI OOOO OOO OOK OOK OKO OK OK KK KOK IK 
00077 * | | a 
00078 * ENTRY : NOTHING . | *« 
00079 * RETURNS : SCIDAT CDATA RECEIVED) * 
00080 * INFLG CRECEIVING COMPLETE* 
00081 *K FLAG) »K 
00082 *« . *« 
00083 OOOO OOOO OR IO OOOO OOO ORK OK OOK KKK 
00084A C043 96 11 A SCIIN LDAA TRCSR1 Clear interrupt request flag 
O008SA C04S 72 O1 15 BSET O.PSDTR Set RTS='1' 
O00086A C048 7B 40 11 2 -BrST 6,.TRCSR1 ORFE bit='O' or ‘'1' 
00087A CO4B 26 O09 C0S6 BNE SCIIN1 Branch if ORFE='1' 
OO088A CO04D 96 12 A LDAA RDR Set receiving complete flag 
OO089A CO4GF 97 41 A STAA SCIDAT 
O00090A COS1 72 O01 40 BSET O.INFLG Set SCI flag 
00091A CO0S4 20 02 CO0S8 BRA SCIIN2 
00092A C0S46 96 12 A SCIIN1 LDAA ROR Clear error flag 
00093A CO0S8 3B SCIIN2 RTI 
00094 ; POCO OOOO OR IORI OOO IO OK OK KOK KOK OK KIO OK 
00095 * : * 
00096 * NAME : SCIOUT CSEND DATA) * 
00097 * | " 
000°8 FORO OOOO CIC ICO IO IO OK IORI OI OO KOKO I HOOK 
00099 | * x 
00100 KO ENTRY : ACCA (DATA TO BE SENT) x 
00101 *: RETURNS : NOTHING . *K 
00102 K ‘ K 
00103 YC ORO ICICI GIGICICI ORO OR IORI OR OOK KOK OK OK IOI OK OK ACI OOK 
00104A COS9 7B 02 15 SCIOUT BTST 1,P5DTR Loop until CTS=0 
OO10SA COSC 26 FB COS9 BNE SCIOUT 
00106A COSE 7B 20 11 SCIOT1 BIST. 5,TRCSR1 Loop until TORE=0 
00107A C061 27 FB COSE BEQ SCIOT1 | 
00108A C063 72 O02 11 BSET 1.TRCSR1 Start sending data 
00109A C066 97 13 A STAA TOR _. Load data to be sent 
00110A C068 39 RTS 
00111 FOR OK OR OK AIO OR TORK ROK KOK I OKOR HOR OK RK HOOK KK KOK KOK KOK 
00112 Ok ie OK 
00113 * VECTOR ADDRESSES * 
00114 * * 
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00115 

00116 

00117A 
00118 

00119A 
00120A 
Q0121A 
00122A 
00123A 
00124A 
001254 
00126A 
00127A 
00128A 
001294 
00130 

00131 


FFEA 


FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


CO00 
C000 
CO0O 
C043 
C000 
CO00 
C000 
COOC 
CO00 
C000 
C000 


pDYerrrrrprrTyp 


OROR OOK OK OK HOR KOCK OKO KICK OKC CHC HCH DK DIC DK KCK DK IC OK IC 2K IC OK 2K OK 


* 


*K 


ORG 


FDB 
FOB 
FDB 
FOB 
FDB 
FOB 
FDB 
FDB 
FOB 
FDB 
FOB 


END 


SFFEA 
SCMN IROQ2 
SCMN CMI 
SCMN TRAP 
SCIIN SIO 
SCMN TOI 
SCMN OCI 
SCMN ICI 
SCMN IRO1/ISF 
SCMN SWI 
SCMN NMI 
SCMN RES 
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SECTION 11. LIQUID CRYSTAL DRIVED (HD61100A) CONTROL 
11.1 HARDWARE DESCRIPTION 


11.1.1 Function 


Controls the HD61100A liquid crystal driver and displays "9876543210" 
on an LCD display. 


11.1.2 Microcomputer Operation 


The HD6301Y0 sends display data and control signals to the HD61100A 
to display graphics on the LCD. Signals M and CL} of the HD61100A and 
signal COMMON of the liquid crystal are controlled through port 2. 

In addition, the HD61100A control signals (signals CL2, DL) are 
controlled using the clock synchronous SCI (serial communication 


interface) of port 2 to enable sending of display data to the HD61100A. 


11.1.3 Peripheral Devices 


HD61100A LCD Driver: Performs static drive on an 8-segment xX 10-digit 
LCD. 


11.1.4 Circuit Diagram 
LCD driver (HD61100A) control circuit is shown in figure 11-1. 


MCU 
HD6301Y0 
+5V (HD6308Y) 


VecF 
GND 


ee ee mococgcecoda 
LI 


Senta Cou oUuUUU 


Liquid crystal 
(8-segments <X 10-digits) 


P2a/Tx 





Figure 11-1. LCD Driver (HD61100A) Control Circuit 
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11.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0O and the HD61100A 
are shown in table 1l-l. 


Table ll-1. Pin Functions 





Pin Name 
Pin Name Input/ Active Level (HD61100A Program 
(HD6301Y0) Output (High or Low) Function LCD ) Label 
Po] Output Outputs alternate M P2DTR 
_ Signal for LCD 
driving output. 
Pog Output Resets counter, CL 
outputs synchronous 
_ Signal of latch 
clock for display 
data. 
P23 Output Outputs common COMMON 
— signal to LCD. 
P,»./SCLK Output _ Outputs shift clock CL? = 
for display data. 
P,,,/TX Output — Inputs display data. DL — 


11.1.6 Hardware Operation 
Timing chart of the HD6301Y0, LCD, and the HD61100A is shown in figure 
11-2. 


LCD and HD61100A 
pin names 


COMMON | | 
Controlled | | 
M 


by I/O ports 


Controlled CL; 
by clock 
synchronous 

SCI 


Output 80 bits (10 digits) 





Figure 11-2. Timing Chart of HD6301Y0, LCD, and HD61100A 
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11.2 SOFTWARE DESCRIPTION 


11.2.1 Program Module Configuration 


The program module configuration for character display on LCD is 


shown in figure 11-3. 


H61DSP 


DISPLAY MOVE 
CHARACTER . DISPLAY DATA 





Figure 11-3. Program Module Configuration 


11.2.2 Program Module Functions 


Program module functions are summarized in table 11-2. 


Table 11-2. Program Module Functions 


No. Program Module Name Label Function 


0 MAIN PROGRAM H6 1MN Initializes control registers and data 
addresses used for the interface between 
the HD6301Y0O and the HD61100A. 





1 DISPLAY CHARACTER H61DSP Performs static drive of LCD using the 
HD61100A and displays numerals. 


2 MOVE DISPLAY DATA. MOVE Moves display data in data table to 
display RAM. Refer to MOVE in HD6301/ 
HD6303 FAMILY APPLICATION NOTES 
(SOFTWARE) for details. 
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11.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 11-4 shows the procedure for displaying numerals 
on an LCD as performed by the program module in figure 11-3. 


Main Program 


H6 1MN 


$13F7SP ---| Initialize stock pointer. 


| ee | 


Set signals CL) and M to Low and signal 
COMMON to High. 


$08—>P2DTR 


[ mene | 


Select port 2 as output. 


1 


$FF>P2DDR ead 


Initialize rate/mode control register to 8-bit 
data format, clock synchronous SCI mode, 
internal clock source, bit 2 of port 2 clock 
output and baud rate l6us/bit. 


$11—-RMCR --- 


ey 7 


Initialize transmit/receive control status 


register 1 to enable data transfer and enable 
interrupts. 


$06->TRCSRI1 -- 


an 


Initialize counter indicating the number of 


$0001—CNTR: CNIR+ 1 saree (EP 
interrupts. 


0— Bit I —--| Enable interrupts. 


Load starting address of display data, 
contained in data table, into entry 
argument of MOVE. 


$F1L00-~I1IX ee 


_| Load starting address of display RAM into 


peat DE eae 7 entry argument of MOVE. 


apes Ce ca 


$0A~ACCB SS r 


MOVE 


H61DSP 


H61DSP 


DISPLAY 
CHARACTER 


Load number of bytes to be moved into entry 
argument of MOVE. 


a | 


Execute MOVE to move display data to display 
RAM. Refer to MOVE in HD6301/HD6303 FAMILY 
APPLICATION NOTES (SOFTWARE) for details. 


i aoa 


TDRE Interrupt Routine 












---| Execute H61DSP to display numerals on LOD. 


Figure 11-4. Program Module Flowchart 
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96765442 10 





Figure 11-5. Example of H61MN Execution 
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11.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: DISPLAY MCU/MPU: HD6301Y0/ 
CHARACTER HD6303Y 


Function: 


Sends display data to the HD61100A and displays characters on an LCD. 


Arguments: Changes in CPU Specifications: 


storage Registers and Flags: 


Contents Location 


ACCD ; 
ACCA ACCB ROM (Bytes): 4] 


Entry Display DDATA RAM (Bytes): 12 
data (RAM) 
Stack (Bytes): 0 
No. of cycles: 61 
Reentrant: No 


Relocatable: No 


Interrupt OK?: yo 


Not affected 
Undefined 
Result 
Description: 


1. Function Details 


Argument details 
DDATA (RAM): Holds 10 bytes of display data. 
Example of H61DSP execution is shown in figure 11-6. If entry 


argument is as shown in part 1 of figure 11-6, characters are 
displayed as shown in part 2 of figure 11-6. 


H61DSP calls neither the program modules nor subroutines. 


Specifications Notes: 


N/A 
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Program Module Name: prspray MCU/MPU: HD6301Y0/ Label: H61DSP 


CHARACTER HD6303Y 





Description: 
Address Space 


OLE. 
$14 
SB3 
SB6 
$D4 
SE6 
$E7 
$74 
SF7 
SF6 

ZZ 


LCD ' 
@ reeue| BFS IO 







DDATA 
(RAM) 






@ Entry 
argument 


Display data 
(9,8,7,6,5,4, 
3,2,1,0) 












Figure 11-6. Example of H61DSP Execution 
2. User Notes 
The following procedure must be performed before H61DSP execution. 
a. Select data direction register (DDR) of port 2 as output. 
b. Initialize clock synchronous SCI to send display data. 
¢. Clear bit I to enable TDRE interrupts. 


dad. Store display data in TDR to generate TDRE interrupts. 


3. RAM Allocation 


Label RAM Description 
b7 bO 
Used as a pointer to display RAM and as a 
CNTR aa ; ; 
counter indicating number of interrupts. 
DDATA 


Display data 
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Program Module Name: DISPLAY 





MCU/MPU: HD6301¥Y0/ Label: H61DSP 


HD6303Y 


CHARACTER 





Description: 


4. 


Sample Application 


LDAA #$08 

STAA P2DTR ioe 

LDAA HSER Initialize port 2. 

STAA P2DDR 

LDAA #$11 

STAA RMCR re meee 

LDAA #$06 ----- Initialize synchronous SCI. 

STAA TRCSRL 

LDX #$000l [| | Initialize pointer to display RAM and counter 
STX CNTR for number of interrupts. 

Che j-, _ 5 —<‘(eematets Enable interrupts. 

ei Hee Execute MOVE to load display data into 
STD DEA bee entry argument of H61DSP. 

LDAB #SOA (Refer to MOVE in HD6301/HD6303 FAMILY 
JSR MOVE APPLICATION NOTES (SOFTWARE) for details.) 


Basic Operation 


a- 


10 bytes of display data are sent to the HD61100A to display numerals on 
an 8 segments x 10 digits LCD. Shift clock and data signal are controlled 
by the clock synchronous SCI of the HD6301Y0. 


Display data is stored in display RAM before execution. Each TDRE 
interrupt executes display of 1 byte of data. 


Pointer to display RAM and counter for number of interrupts are 
decremented every interrupt. CNTR(RAM) is reinitialized each time 10 
interrupts are executed. 


The first enabling interrupts are performed by the main program. 


From then on, TDRE interrupts are generated automatically each time 
Gisplay data are outputted. 
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Program Module Name: prspray MCU/MPU: HD6301Y0/ Label: H61DSP 


CHARACTER HD6303Y 





Flowchart: 


H61DSP 


H61DSP 


CCNTR+1)—1 
— CNTR+1 


Decrement pointer to display RAM and 
counter for number of interrupts. 


oN 


CNTR: CNTR+1)—1IX Load pointer to display RAM. 


CIX)40 <o 
CIX)=0 


$000A>IX 


Test if interrupt has been executed 10 
times. ' 









Reinitialize pointer to display RAM. 


Reinitialize counter for number of 


(IX)>+(CNTR: CNTR+1 
interrupts. 


(2, P2DTR)40 
Test if signal M is High. 


(2,P2DTR)=0 
$08—>P2DTR 


Set signal CL, to Low, signal M to Low, 
and signal COMMON to High. 


Set signal CL}, to Low, signal M to High, 
and signal COMMON to Low. 


$02—7>P2DTR 


1-1, P2DTR | Set signal CL, to High. 


H61DP1 
CTRCSR1 )-*ACCA --| Load TRCSR1 to clear TDRE flag. 
( DDATA—1+I1X) ioe ' ; 

RTI 
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11.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


11.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
OOOO0SA 
00006 
Q0007A 
OO008A 
QO0009A 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
Q0024A 
00025 
00026A 
Q0027A 
00028A 
00029A 
00030A 
Q0031A 
00032A 
00033A 
00034A 
Q0035A 
O00036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043A 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
O00S1 
00052 
00083 
O0054A 
OOOSSA 
OOOS6A 
000S7A 


0040 


0040 
004A 
O04C 


COOO0 


COO0O 
CQ03 
COOS 
COO? 
COQ09 
COOB 
COOD 
COOF 
C011 
COTS 
C016 
C018 
COQ19 
CO1iC 
CO1F 
CO21 
C023 
CQO26 


COQ28 
CO2B 
CO2D 
CO2F 


tA 
DE 
26 
CE 


OO0A 
0002 
0002 


DDD 


0003 
0001 
0010 
0011 
0013 


DrrDrTpyYp 


O04¢B A 
4A A 
11 C040 
OOOA A 


* 
FORO OR IO HOOKHKOK = RAM ALLOCATION kok ok KK ok oko Kk aK KK HOOK OK 
K 
* 


ORG $40 
*« 
DDATA RMB 10 Display data 
CNTR RMB 2 Counter for display data 
DEA RMB 2 Destination address 


* 
OOOO KKHKHOK = Cd SYMBOL DEFINITIONS >k>k>ko ook KKK OK KOK 
»K 


P2DTR EQU $03 Port 2 data register 

P2DDR EQU $01 Port 2 data direction register 
RMCR EQU $10 Rate/mode control register 
TRCSR1 EQU $11 Tx/Rx control status registerl 
TOR EQU $13 Transmit data register 

FOO OOO OOO IO IOOI OI OOOO OK OOO IO KK KKK IOK AOOK 

* *K 

* MAIN PROGRAM : H61MN ok 

* * 


FOSIOR OOOO OOOO OIC OOO OOK IK OK I I OKOIOK IKK 2AKCKKC IK 
* 
ORG $CO000 


se 
H61MN LDS HSI 3F Initialize stack pointer 


LDAA HS08 Set CL1=0.M=0,.COMMON=1 
STAA P2DTR 

LDAA HSFF Select port 2 as output 
STAA P2DDR 

LDOAA #$11 Initialize RMCR 

STAA RMCR 

LDAA BHS06 Initialize TRCSR1 


STAA TRCSR1 

LDX HS0001 Initialize counter 

STX CNTR 

Cet Enable interrupts 

LDX HS$F100 Load source address 

LOD HDDATA Load destination address 


STO DEA 

LDAB HLOA Initialize transfer counter 

JSR MOVE Move data table to display RAM 
PEND BRA PEND End of program 
ROKK KOK ORK ROR SOR ORK OK FORK MOR HOR HOROROROROKOOK OOK OKO HOR OR ORO IK OK IK 2A OK OK ok 
* *k 
* NAME : H610SP CDISPLAY CHRACTER) Bi 
*« *K 
OOOO OOK ORO ORO OK OOOO OR IORI ORO OOO OK OOK OK IOICK ACK 
> * 
* ENTRY : DDATA CDISPLAY DATA) *K 
>» RETURNS : NOTHING * 
* *K 


FOO IO IOI OOK OOOO OOOO OOK OR IO OR OOO OK KK IKK IK 
H61DSP DEC CNTR+t+1 Decrement counter 

LOX CNTR Test if CNTR=0O 7? 

BNE H610P 1 Branch if not CNTR=0 

LOX HSO00A Reinitialize counter 
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QO0SBA C032 DF 4A A STX CNTR 


OO0S9A C034 72 02 03 BSET 1,P2DTR Set CLi=1 
O0060A CO37 7B 04 03 BTST 2.P2DTR Branch if M=1 
OO061A CO3A 26 OB C047 BNE H610P2 Branch to H610P2 if M=1 


LDAA HS02 Set CL1=0,M=1.COMMON=0 
STAA P2DTR 


00062A CO3C 86 02 A 

O0063A CO3E 97 03 A 

O0064A C040 96 11 A H610P1 LDAA TRCSR1 Clear TDRE 
OO06SA C042 AG 3F A LOAA DDATA-1.X Store display data in TOR 
QO066A C044 97 13 A STAA TOR 
00067A C046 3B RTI 

O0068A C047 86 08 A H610P2 LDAA #S$08 Set CL1=0.M=0,COMMON=1 
O0069A C049 97 03 A STAA P2DTR 

O0070A CO4B 20 F3 C040 BRA H610P 1 


00071 SOR IOROKOGIOROOIOK IOOIOIOKOIORIOKIOIOOK FOR OR IKK KOI IOI OK IOIOK KKK KKK 2K 2K 
00072 * | x 
00073 * NAME : MOVE (MOVING MEMORY BLOCKS) * 
00074 * 
0007S OIOOROIOI OOO IO OOOO OIOOOOK FOR IOTOR OK KOK HOR OK ORK FOR OK HOR HOK KK KCK OK 
00076 »* *« 
00077 * ENTRY : IX (SOURCE ADDRESS) * 
00078 * DEA (DESTINATION ADDRESS) *« 
00079 * ACCB (TRANSFER COUNTER) * 
00080 * RETURNS : NOTHING * 
00081 * * 
00082 ORO OO ORO OOOO OR IO OI OI OOK OOK KORO IOI KKK KOK IK 
00083A CO4D A6 O00 A MOVE LDAA 0.X Load transfer data 

00084A CO4F 08 INX Increment source address 
O0008SA COSO 3C . PSHX Push source address 

O0086A COS1 DE 4C A LOX DEA Load destination address 
00087A COS3 A? OO A STAA 0.X Store transfer data 

00088A COSS 08 INX Increment destination address 
00089A COS6 DF 4C A STX DEA Store destination address 
00090A COS8 38 PULX Pull source address 

000914 COS9 SA DECB Decrement transfer counter 
00092A COSA 26 Fl CO04D BNE MOVE Branch until transfer counter = 0 
O00093A COSC 39 RTS ; 
00094 OOK OIOIOK OR OIOIOR OR IO IO ORO I OIOROK OOK OOK HOR ROR OR I OK KK IOKK Kok IK ak 
00095 * x 
00096 * DATA TABLE x 
00097 x A 
00098 FORO OIRO KIO OOO OOOO OOOO IORI OK IK OK I OK HOKE ISK 
00099 * 

00100A F100 ORG $F100 

00101 * 

00102A F100 E? A FCB $67, $F7,$43.$F6,SE6 *Segment data 
00103A F105 CS A FCB $C5, 563.583.541.577 

00104 OOOO OOO OOOO IO OO OOK OOOO OK OK KOK OOK KOK HOKE AOI OK HOI IKK KI 
00105 x . x 
00106 * VECTOR ADDRESSES * 
00107 *K k 
00108 | SOOO OOOO OOK OOOO OOO OR OOO IORI OO IORI ICI OOO FO OI OK OK K 
00109 * 
00110A FFEA ORG SFFEA 

00111 *« 

00112A FFEA COOO A FOB H61MN IRQ2 

00113A FFEC COOO0 A FDB 1461MN CMI 

00114A FFEE COOO A FDB H61MN TRAP 
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00115SA 
00116A 
00117A 
00118A 
00119A 
00120A 
00121A 
00122A 
00123 

00124 


FFFO 
FFF2 
FFF4 
FFF6 
FFFB 
FFFA 
FFFC 
FFFE 


C028 
CO00 
CO00 
C000 
CO00 
CO00 
C000 
CQ00 


pPprrrrprrTpyp 


FOB 
FDB 
FOB 
FOB 
FDB 
FOB 
FOB 
FOB 


END 


H610SP SIO 
H61MN TOI 
H61MN OCI 
H61MN ICI 
H61MN IRQ1/ISF 
H61MN SWI 
H61MN NMI 
H61MN RES 
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SECTION 12. EXTERNAL EXPANSION 


12.1 HARDWARE DESCRIPTION 


By 


12.1.2 


12.1.3 


12.1.4 


1010 


Function 


Receives data from the console typewriter, displays it on the H2571 
liquid crystal module, and echoes the same data back to the console 


typewriter. 


Microcomputer Operation 


The HD6301Y0O controls the HM6264 RAM, HN27C64 EPROM, HD6350 ACIA and 
HD6321 PIA using external expansion mode (mode 1 of this MCU). In this 
mode, P59 is employed as the IRQ] pin to receive interrupts from the 
ACIA. The MCU converts ASCII lowercase, sent from the console type- 


writer, into uppercase through software. 


Peripheral Devices 


HD6350 ACIA: Performs asynchronous SCI with the console typewriter, 
controlling signals RTS and CTS at a baud rate of 4800. 


HD6321 PIA : Drives the liquid crystal module through ports A and B 


after receiving control information from the HD6301Y0. 


HD74HC183 Address decoder: Decodes address signals from the MCU for 
control of the RAM, EPROM, PIA, and ACIA. 


Circuit Diagram 


External expansion circuit is shown in figure 12-1. 


© HITACHI 


LLOL 


IHOVLIH @ 


+5V 









dipeobabuuasoe 


_ | 
a 





az 8h 


Console Typewriter 
HD75188 rea 











| i 
ri >} oRxDATAL 
t 
ACIA a talc \ RTS ! 
HD6350 27kQ, 1 
HD75188_,f=12V 1 08S 
1B, oCTS 
HD751891 i 
$5 << TxDATAy 
DUBE A BOS a eases 
74HC04 
Veef 1 -12V 1MO 
1ATS = 
i 
4 


Figure 12-1. External Expansion Circuit 





12.1.5 Memory Map 


Memories and peripheral LSIs are allocated to external address space 


using an address decoder (HD74HC138). 


Address buses Aj3 and A114 are connected to pins A and B of the HD74HC138. 
Address space $8000°$FFFF is divided into 8-byte units. System Address 


decoding is shown in Table 12-1. 


Table 12-1. System Address Decode 


HD74HC138 Address Allocation 





s 
Input Output Bote 
Cc B A 
Gi G2A GeB ——— Yo Yi Yo Y3 Yu Ys Ye Y7 


Ais Aiy Ai3 





H L L H L L H H H H L H FH HF $8000 $9FFF RAM 
H L L H L H H H H H H L H i $A000V $BFFF PIA 
H L L H H L H H H H H H L &B $COOO0. $DFFF ACIA 


H L L H H H H H H H H H FH IL $EOOO. $FFFF ROM 





System memory map is shown in figure 12-2. 


I/O Ports 
TIMER HD6301Y0O internal registers and internal 


SCI address space 


RAM 
(192 Byte) 


RAM 
(HM 6264) 
PIA 
(HD6 821) 


ACIA CTRLYSTS 
(HD63850) TDRYRDR 


EPROM Not Used 


(CHN2 7C64) 





Figure 12-2. System Memory Map 
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The relation between HD6301Y0 specified addresses and 


selected PIA registers is shown in table 12-2. 


Table 12-2. HD6301Y0 addresses and Selected PIA Registers 


Address Program Pin Name 
(HD6301Y0) Label Selected PIA Register (LCD-ITI) Note 
$A000 DDRA Data direction When bit 2 of 
register A — control register 
A=0. 
PIRA Peripheral interface Bit O:signal E In case of bit 2 
register A Bit 1:signal R/W of control 


Bit 2:signal RS register A=1 


$A001 CRA Control register A — ~— 
$A002 DDRB Data direction In case of bit 2 
register B — of control 
register B=0 
PIRB Peripheral interface In case of bit 2 
register B = of control 
register B=1 
$A003 CRB Control register B — — 
Note: 


The timing chart between PIA and LCD-II is shown in figure 12-3. 


Q) : Write timing (2) : Read timing 


LCD-II Pin names 


RS, RAW QO 


(PIA?LCD-1) GQ 
(PIA*-LCD-I 





Figure 12-3. PIA«»LCD-II Timing Chart 
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The relation between the address of the HD6301Y0O and the selected ACIA 


register is shown in table 12-3. 


Table 12-3. Relation between the Address of the HD6301Y0 and the Selected 
ACIA Register 





Address 
(HD6301Y0) Program Label Selected ACIA Register Note 
$C000 CR Control register In case of signal R/W=0 
SR Status register In case of signal R/W=1 
$CO001 TDR Transmit data register In case of signal R/W=0 
| RDR Receive data register In case of signal R/W=1 
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12.1.6 Hardware Operation 


The interface timing chart between the HD6301Y0 and memories (HN27C64, 


HM6264) is shown in figure 12-4. 


E 


HD6301Y0 ADDRESS 


S 


s 


HN27C64 


DATA 
(OUT) 


9) 
MG 


sl 


Data 


read 


HM6 2 64 DATA 


(OUT) 


Data 
write 
DATA 


CIN) 


HD6é301Y0 


HN27C6 4 


HM 6 2 6 4 


Figure 12-4. Interface Timing Chart between HD6301Y0 and Memories 





tan : Address delay time 
tosrn : Data set-up time 

: Data hold time 

tpw : Data delay time 

tee : Output CE delay time 
tos : Output OF delay time 
tacc > Access time 

ton ~ Data output hold time 


taa : Address access time 

tco1 : Chip select access time 
tas : Address set-up time 

twe : Write pulse width 

tow : Input data set time 

top : Input data hold time 

toz : Output enable access time 
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12.2 SOFTWARE DESCRIPTION 


12.2.1 Program Module Configuration 


The program module configuration for receiving key data from the console 


typewriter and displaying data on both the console typewriter and H2571 


is shown in figure 12-5. 


EX PMN 


MAIN 


PROGRAM 


EXPINT EXPDSP EXPOUT EXPINP 
| been) [ea] [es 
INITIALIZE | SEND DATA RECEIVE LOWERCASE 
guile sickens UPPERCASE 


Figure 12-5. Program Module Configuration 





12.2.2 Program Module Functions 


Program module functions are summarized in table 12-4. 


Table 12-4. Program Module Functions 


No. Program Module Name Label Functions 





0 MAIN PROGRAM EXPMN Displays key data, received from the 
. console typewriter, on both the H2571 
and console typewriter. 


uk INITIALIZE LCD-II EXPINT Initializes LCD-II contained in the 
H2571. 


2 DISPLAY CHARACTERS EXPDSP Displays characters on the H2571. 





3 SEND DATA | EXPOUT Sends display data to the console type- 

writer. 

4 RECEIVE DATA EXPINT Receives display data from the console 

typewriter. 

5 CONVERT ASCII 7 TPR Converts ASCII lowercase into uppercase. 
LOWERCASE INTO ' Refer to TPR in HD6301/HD6303 FAMILY 
UPPERCASE Bes APPLICATION NOTES (SOFTWARE). 

© HITACHI 


1016 


12.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 12-6 demonstrates the procedure for displaying 
key data received from the console typewriter on both the H2571 and 


console typewriter, as performed by the program module in figure 12-5. 


EX PMN Main Program 


EXPMN 


$1383F—->S P Initialize stack pointer. 


| 
4 


select peripheral interface register A of PIA. 


1 

1 

' 
ee 


$04-—-> CRA 


$00>PIRA Set signals RS, R/W, and E of LCD-II to Low. 


$00->CRA Select DDRA of PIA. 


| 
| 


$FF>ODDRA Select port A of PIA as output. 


$04>CRA Select peripheral interface register A of PIA. 


| 
| 
a 


$00—->CRB Select DDRB of PIA. 


$FF->DDRB Select Port B of PIA as output. 


| 
aaa 


$04 +>CRB Select port B register of PIA. 


EX PINT 


$0E—~INSDAT 


EX PBS Y 
EX PIN 8S 


$ 9 77> C R 


Initialize LCD-II. 


Load display ON instruction into entry 
argument of EXPINS. 


| 1 
rt ies ab oS 


Check busy flag. 


Store instruction in LCD-II. 


! 
cs 


Initialize transmit control bit of ACIA control 
register to set RTS=Low, disable interrupts, and 
master reset ACIA. 


Initialize ACIA control register to set counter 
divide bit to 16, word select bit as 8 bit data 
+1 stop bit, and enable interrupts. 


l 
SiS 


$95 —-> CR 


0-0, KEYDRF Clear key data receiving flag. 


4 


Initialize RAM/port 5 control register of the 
HD6301Y0 to define Psg to IRQ] pins. 


l 
ee 


$7D—-RP5CR 


0:-+>- BEC. I Enable interrupts. 


Figure 12-6. Program Module Flowchart 
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Test if key data is received from the console. 
typewriter. 


{ Load key data into entry argument of TPR. 
Clear key data receiving flag. 


Set signal RTS of ACIA to Low. 


Refer to TPR in HD6301/HD6303 FAMILY 
APPLICATION NOTES (SOFTWARE) . 


Load ASCII uppercase into entry argument 
of EXPOUT and EXPDSP. | 


{ Convert ASCII lowercase into uppercase. 


Display characters on H2571. 


__J| Send display data to the console 
typewriter. 





IRQ Interrupt Routine 


Receive data from the console typewriter. 





Figure 12-6. Program Module Flowchart (Cont. ) 
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12.3 PROGRAM MODULE DESCRIPTION 


MCU/MPU: HD6301Y0/ Label: RxXPINT 
HD6303Y 


Program Module Name: INITIALIZE 


ICD-IT 





Function: 


Initializes LCD~II contained in the H2571 liquid crystal module. 


Arguments: Changes in CPU Specifications: 


None Registers and Flags: 
er aa re ROM (Bytes): 37 
RAM (Bytes): l 
Stack (Bytes): 2 
No, of cycles: 45637 
Reentrant: No 


Relocatable: No 


Interrupt OK?: Yes 


Not affected 
Undefined 
Result 


Description: 


1. Function Details 
a. EXPINT has no arguments. 


b. LCD-II is reset by instruction. Data in table 12-5 is sent to initialize 
display mode. 


Specifications Notes: 

1. "Specifications" includes those used by called subroutines. 

2. "No. of cycles" in "Specifications" indicates the number of cycles required 
when EXPBSY is executed a minimum number of cycles. 
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Label: EXPINT 


MCU/MPU: HD6301Y0/ 
HD6303Y 





Program Module Name: INITIALIZE 


LCD-II 





Description: 


Table 12-5. Initialize Data for Display Mode 





Data Function 

$30 Interface length: 8 bits | Columns: 1 
Display Font: 5x7 dots 

$08 Display OFF, Cursor OFF, Blink OFF 

$01 Clear display, set DDRAM address to $00 

$06 | Increment DDRAM address, No display shift 


c. EXPINT calls other subroutines as shown in table 12-6. 


Table 12-6. Subroutines Called by EXPINT 





Subroutine Name Label Function 
STORE INSTRUCTION EXPINS Store instruction in LCD-II. 
CHECK BUSY FLAG EXPBSY | Check LCD-II busy flag. 





2. User Notes 
a. The following procedure is aces eels before EXPINT execution. 
i. Initialize control signals (signals RS, R/W, E) of LCD-II. 
ii. Select ports A and B as output. 


iii. Initialize control register of PIA to select peripheral interface — 
registers A and B. 


b. Instruction data shown in Table 12-5 must be reserved as data table. 


3. RAM Allocation 


Label | RAM © Description 
b7 b0 


INSDAT [ } Instruction data 
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Program Module Name: INITIALIZE 


MCU/MPU: HD6301Y0/ Label: EXPINT 
LCD-II 


HD6303Y 





Description: 
4. Sample Application 


LDAA #$04 
STAA CRA } sepa — peripheral interface register A of 
DAA #$02 
STAA PIPA- jf <oSte= Initialize LCD-II control signal. 
ae 5s Select data di ti ist 
STAA cra off) 7 elec ata direction register A of PIA. 
oe seta } Select t A of PIA tput 
STAA DDRA ----- Select por fe) as output. 
LDAA #$04 J) select peripheral interface register A of 
STAA CRA PIA. 
aa : select data di ti ist f P 
STAA CRB === elec ata direction register Bo IA. 
LDAA #$FF 
STAA DDRB ff ~~ Select port B of PIA as output. 
LDAA #$04 | 
STAA CRB } Ses Select peripheral register B of PIA. 

| JSR EXPINT | -———— Execute EXPINT to initialize LCD-II. 

DMODE FCB $30,$08,$01,$06 ----- Reserve data table 


' 
5. Basic Operation 


a. If peripheral control pin is not used, read/write operation of PIA is 
executed as described below. The procedure for initializing port A and 
read operation is as follows. 


eas a ess bit 2 of port A control register to select 
data direction register. 


sh cI foe port A data direction register as 
input. 


— [fae bit 2 of port A control register to select 
peripheral interface register A. 


ee: ee peripheral interface register A and input 
from port A. | 





Figure 12-7. Read Operation 
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Program Module Name: INITIALIZE MCU/MPU: HD6301Y0/ Label: EXPINT 


LCD-II HD6303Y 





Description: 


The procedure for initializing port A and write operation is as follows: 


er esis bit 2 of port A control register to select 
port A data direction register. 


SFF>ppRA | ----- Pee port A data direction register as 
. output. 


Set ie bit 2 of port A control register to select 
peripheral interface register A. 


eS Se cal bean peripheral interface register A and output 
port A. 





Figure 12-8. Write Operation 


b. LCD-II is software reset by the following procedure: 


Wait for 15ms 
just after 
power on 


Wait for more 


than 4.1lms 


Transfer 
$30 


Wait for more 
than 100uUs 


Transfer 





Figure 12-9. Reset LCD-II 
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Program Module Name: INITIALIZE MCU/MPU: HD6301Y0/ Label: EXPINT 


LCD-ITI HD6303Y 





Description: 


c. Software controls the LCD-II control signal using port A of PIA, and 
the data bus using port B. 


ad. Programming notes 


i. Both a 15ms wait by software timer and transfer of $30 to the data 
bus three times is needed reset LCD-II. 


ii. Index register is used both as a pointer to the instruction data 
table and as a counter of the number of data transfers. 


iii. LCD-II busy flag is checked before outputting instruction data. 


iv. After process (iii) is executed four times, display mode is 
initialized. 
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Program Module Name: INITIALIZE 


ILCD-ITI 





Flowchart: 


EXPINT 


EXPINT 


$08—-ACCB 





EXPIT1 


(ACCB)<0 [ 
Cicer i> mee 


(ACCB)=0 


DMODE~>IxX ---[ 





| 


(IX) =DMODE+ 4 


Gas 


MCU/MPU: HD6301Y0/ 
HD6303Y 


Initialize counter for three loops. 


Execute 15ms software timer. 


Load instruction of function set into 
entry argument of EXPINS. 


Write instruction to LCD-II. 


Decrement loop counter. 


Test if LCD-II reset is complete. 


Load starting address of data table 
where display mode data is stored. 


Load display mode instruction into 
entry argument of EXPINS. 


Check busy flag. 


Write instruction to LCD-II. 


Increment pointer to data table of 
display mode. 


Test if all display mode data has been 
written. 
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Label: EXPINT 





Program Module Name: RECEIVE DATA MCU/MPU: HD6301Y0/ Label: EXPINP 
HD6303Y 


Function: 


Receives key data from the console typewriter and stores it in RAM. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 


Contents Location Bytes 


ACCA ACCB ROM (Bytes): 26 

i = =: RAM (Bytes): 2 
Stack (Bytes): QO 
No. of cycles: 43 
Reentrant: No 
Relocatable: No 


a a et sea ee eg te Interrupt OK?: Yes 
Re- Received 
turns data 
MS (ASCII) 
Received 
flag 


: Not affected 
Undefined 
Result 





Description: 


| Press "a" 
1. Function Details @) Entry } 'a’=$61) La) 


a. Argument details 


KEYDAT (RAM): Holds key data from 
the console typewriter ee ae 


b7 

in ASCII. KEYDAT( RAM) 1 
KEYDRF (RAM): Key data receive Flag. (’'a’=$61) : 

Table 12-7 shows flag @® Result b7 KEYDRF b0 


functions. KEYDRF (RAM) 
$01 


0 1 


Figure 12-10. Example of EXPINP 
Execution 


Specifications Notes: 
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Program Module Name: RECEIVE DATA 





MCU/MPU: HD6301Y0/ Label: EXPINP | 


HD6303Y 





Description: 


Ds 


Example of EXPINP execution is shown in figure 12-10. If "a" is 
depressed in console typewriter as shown in part () of figure 12-10, 
key data is stored in KEYDAT(RAM) and $01 is set in KEYDRF(RAM). 


Table 12-7. Flag Functions 





Label bit O Function 
KEYDRF O Indicates key data is not received. 
1 Indicates key data is received. 





EXPINP calls neither the program modules nor subroutines. 


2. User Notes 


The following procedure must be executed before EXPINP execution. 


a. 


Initialize ACIA since ACIA must interface with peripheral device 
(receives data from the console typewriter). 


Initialize RAM/port 5 control register since IRQ] pin is used. 


Clear bit I to enable interrupts since IRQ] interrupt is used. 


3. RAM Allocation 


Label RAM Description 


b7 pO 
_ KEYDAT | oxey data 
KEYDRF } Used as a flag indicating whether or not key 


data is received. 


4. Sample Application 


1926 . 


LDAA #$97 \ 
aeeue - ACTA: 
oman CR Master-reset 
LDAA #$95 } Etna tes | 
er ze control register of ACIA. 
Sonn, ap Initiali control g 
BCLR O;,KEYDRE ° ‘-Ss== Initialize received flag. 
LDAA ic re Initialize RAM/port 5 control register. 
STAA RP5CR | | | 


Chi ke ----- Enable interrupts 
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Program Module Name: RECEIVE DATA 





MCU/MPU: HD6301Y0/ Label: EXPINP 


HD6303Y 





Description: 


5. Basic Operation 


a. 


Dig 






Example of initializing ACIA is shown in figure 12-11. 


Note: 
For master-reset, "11" is stored in bits O and 1 of control register. 
Bits 5 and 6 must be defined to obtain specified RTS output. 


Master-reset ACIA. 
(RTS=Low and disable sending interrupts). 


Initialize control register of ACIA. 

(Selecting counter devide select bit+16, start 
bit +8 bits data +l stop bit, and enable receiver 
interrupts. ) 


Figure 12-11. Example of Initializing ACIA 


Programming notes 
i. Received data is checked for any errors. 
ii. If an error has ocurred, received data is ignored. 


iii. If an error has not ocurred, received data is stored in 
KEYDAT (RAM) and received flag is set. | 


iv. Receive data register of ACIA is read and interrupts are enabled. 
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Program Module Name: RECEIVE DATA 





Flowchart: 


EXPINP 


EXPINP 


MAM Conan 


(SR)A$380=0 







(RDR)—~ACCA 
(ACCA)—-KEYDAT 


1>+0, KEYDRF 








EXPIP1 


(RDR) ~ACCA 


EXPIP2 


MCU/MPU: HD6301Y0/ 


Label: EXPINP 
HD6 30 3Y 


___] Test if framing error or receiver 
overrun error has occurred. 


Set signal RTS of ACIA to High. 


Clear receive data register 
full bit. 


an eee data from the console 


typewriter. 


Set received flag. 


Clear receiver overrun bit and 
receive data register full bit. 
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Program Module Name: DISPLAY MCU/MPU: HD6301Y0/ Label: ExXpDSP 
CHARACTERS HD6303Y 


Function: 


Stores ASCII in display RAM(DDRAM) and displays characters on the LCD. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 
Location Bytes ACCD 
ACCA ACCB 
Entry Display DSPDAT ae RAM (Bytes): ] 
data (RAM) 


Contents 
ROM (Bytes): 78 


Stack (Bytes): 9 
No. of cycles: 196 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


Not affected 
Undefined 
Result 


Description: 


1. Function Details 


b7° DSPDAT bO 
Argument details @ Entry | DSPDAT (RAM) ; ; 
DSPDAT (RAM): Holds display data in argument pte Ee ptt 
1 byte ASCII. data 'A') | Displays A 
Liquid crystal 


Example of EXPDSP execution is , AA] 
Result 

shown in figure 12-12. If entry @ 7 Oo ! 

argument is as shown in part 


of figure 12-12, a character is 


displayed on the LCD as shown in 
part (2) of figure 12-12. Figure 12-12. Example of EXPDSP 
Execution 












Specifications Notes: 


1. Values in "Specifications" include those used by subroutines called by EXPDSP. 
2. "No. of cycles" in "Specifications" indicates the number of cycles required 
| when EXPBSY is executed the minimum number of cycles. 
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Program Module Name: DISPLAY MCU/MPU: HD6301Y0/ : EXPDSP 


CHARACTERS HD6303Y 





Description: 
c. EXPDSP calls an other subroutine as shown in table 12-8. 
Table 12-8. Subroutine Called by EXPDSP 
Subroutine Name Label Function 


CHECK BUSY FLAG EXPBSY Checks LCD-II busy flag. 


2. User Notes 


The following procedure must be executed before EXPDSP execution. 


a. Initialize PIA since PIA must interface with peripheral devices 
(LCD-II is controlled by ports of PIA). 


b. Initialize LCD-II by executing EXPINT. 


3. RAM Allocation 


Label RAM Description 


b7 bO 
DSPDAT [ } Display data in ASCII 


4. Sample Application 


| 

I 
LDAA — -#$04 } 
STAA CRA | 
LDAA #$02 
STAA PIRA } 


See = Select peripheral interface register A of PIA. 


----- Initialize LCD-II control singal. 


CLR A 

eReer th, ; ; ; Te 
STAA CRA } Select data direction register A of PIA 
LDAA #$FF } 
STAA _ DDRA = Select port A of PIA as output. 


LDAA #$04 } 


orn a ncaa Select peripheral interface register A of PIA. 


CLR A } . 
ae ste A. 
STAA CRB Select data direction regi r Bof PI 
LDAA #$FF | 
—— B is tput. 
STAA DDRB } Select port B of PIA as outpu 


LDAA #$04 } 


STAA Sn hess Select peripheral interface register B of PIA. 


BSR EXPINT ----- Execute EXPINT to initialize LCD-II. 
LDA #$41 | 
eee | EXPDSP. 
STA DSPDAT } Load entry argument of EXP 
| JSR -EXPDSP | em Execute EXPDSP. 
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Program Module Name: DISPLAY MCU/MPU: HD6301Y0/ Label: EXPDSP 


CHARACTERS HD6303Y 





Description: 
5. Basic Operation 
a. LCD-II busy flag is checked by EXPBSY execution. 


b. Control signal of LCD-II is controlled by port A of PIA and display data 
is output from port B. 
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MCU/MPU: 4D6301Y0/ Label: RFYPDSP 


Program Module Name: DISPLAY 


CHARACTERS 


HD6303Y 





Flowchart: 







EXPDSP 
-—| Execute EXPBSY to check busy flag. 


Set signal RS to High, signal R/W 
to Low. 











Set signal E to High. 


isplay characters on LCD. 










set signal E to Low. 


Set signal RS to Low, signal R/W 
to High, and signal E to Low. 


ae es display data to port B and 
a 
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Program Module Name: SEND DATA 


MCU/MPU: HD6301Y0/ 
HD6303Y 





Function: 


Sends data to the console typewriter. 


Arguments: Changes in CPU 


storage No. of 
Location Bytes 


Registers and Flags: 
Contents Se ee ee 


ACCD 
ACCA ACCB 


OUTDAT dl x @ 


Entry Sending 
| (RAM) 


data 
IX 


Not affected 
Undefined 
Result 


Description: 


Ll. Function Details 


@ Entry 


a. Argument details 


OUTDAT (RAM) : Holds data to be sent 
to the console type- 
writer in ASCII. 


Example of EXPOUT execution is 
shown in figure 12-13. If entry 
argument is as shown in part () of 
figure 12-13, a character is 
printed as shown in part Q)of 
figure 12-13. 


Specifications Notes: 


OUTDAT (RAM) 
argument Sending 
data 


('A’' 


Figure 12-13. 


Label: ExXPOUT 


Specifications: 


ROM (Bytes): 13 
RAM (Bytes): 1 
Stack (Bytes):q 
No. of cycles: 21 
Reentrant: No 


Relocatable: No 


Interrupt OK?: yes 


b7 OuTDAT bO 


$41) 
Type A 


@) Result 


Example of EXPOUT 
Execution 


"No. of cycles" in "Specifications" indicates the number of cycles required when 


the transmit data register is empty. 
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Program Module Name: sfnpD DATA 


MCU/MPU: HD6301Y0/ Label: EXPOUT 


HD6303Y 





Description: 


c. EXPOUT calls neither the program modules nor subroutines. 


2. User Notes 
a. The following procedure must be executed before EXPOUT execution. 


i. Initialize ACIA since ACIA must interface with peripheral devices 
(data is sent to the console typewriter). 


b. If data has been previously stored in the transmit data register, EXPOUT 
waits until it is empty so as not to destroy this data. 


3. RAM Allocation 


Label RAM Description 
b7 bO 


C 
OUTDAT [| haracter Gata to be sent to the console 
typewriter. 


4. Sample Application 


LDAA #$97 } 

STAA CR = Master-reset ACIA. 

rai ne ee Initialize control register of ACIA. 
STAA CR 

-LDAA #$41 | 

STAA OUTDAT } Load output data into entry argument. 


| JSR EXPOUT a es Execute EXPOUT. 


5. Basic Operation 


a. Transmit data register empty flag of ACIA is tested for 1 or 0. If it is 
"1", load output data into the transmit data register of ACIA. 


b. Instruction BTST of the HD6301Y0 is replaced by instruction ANDA since 
instruction BTST cannot be used in extended addressing. 
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Program Module Name: opyp pata MCU/MPU: HD6301Y0/ Label: EXPOUT 
HD6303Y 










Flowchart: 
EX POUT 
EXPOUT 
CSR)A$02=0 
(SR)A$02=0 empty. 






CSR)AS$ 020 


COUTDAT)—TDR 





Write output data to the transmit 
data register of ACIA and send it 


{2 if transmit data register is 
1° the console typewriter. 
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12.4 SUBROUTINE DESCRIPTION 


Subroutine Name: sToORE INSTRUCTION MCU/MPU: HD6301Y0/ Label: EXPINS 
HD6303Y 


Function: 


Stores instruction data in LCD-II instruction register. 


Basic Operation: 


Signals RS, R/W, and E are controlled by port A of PIA, and instruction data 
is output from port B. 





Program Module Using This Subroutine: pyprnqv 


Flowchart: 


EXPINS 


EXPINS 


$00 > PIRA --4 
Terry ee 
CINSDAT)—~PIRB --{ Output instruction data to port B. 


Set signal R/W to Low. 


set signal E to High. 


Set signal E to Low. 


$00—> PIRA 


Set signal RS to Low, signal R/W 
to High, and signal E to Low. 


$02—-> PIRA 
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Subroutine Name: CHECK BUSY FLAG MCU/MPU: HD6301Y0/ Label: EXPBSY 
HD6303Y 





Function: 
Checks whether or not LCD-II is in operation and waits until it is ready. 


Basic Operation: 
If LCD-II is in operation, the HD6301YO cannot access if the LCD-II busy 
flag indicates whether or not it is in operation. 


Signals RS, R/W, and E are controlled by port A of PIA, and the busy flag is 
read by port B. 


Program Module Using This Subroutine: EXPINT, EXPDSP 
Flowchart: 
EXPBSY 


EXPBSY 


$00-CRB _— 
$00-DDRB “= 





select data direction register of port B. 


Select port B as input to read busy flag. 


aS ok 


Select peripheral interface register of 
port B. 


fT FI 


EXPBY 1 


$03—->PIRA om 


(PIRB)—ACCB oor 


$02—-PIRA al 


Shift ACCB 
1 bit Left 


Set signal E to High. 
Read LCD-II busy flag. 


Set signal RS to Low, signal R/W to High, 
and signal E to Low. 


Loop until busy flag=0. 





(Bit C)=1 


Select data direction register of port B. 


$00—-CRB 
$FF->DDRB 


$04—->CRB 


(Bit C)#1 


Select: port B as output. 


a 


Select peripheral interface register of 
Dorn. By 
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12.5 PROGRAM LISTING 


00001 * . 
00002 HOK IK RAM ALLOCATION ACHOR OKI OK OK AGIDIOK ROK OR KOI OI KOK OK OK 
00003 | > 
OO004A 0040 ORG $40 
00005 * 
OO006A 0040 0001 A KEYDRF RMB 1 Existence of receive data 
00007 *K 
OO008A 8000 ORG $8000 
OO009A 8000 0001 A INSOAT RMB i Instruction data 
00010A 8001 0001 A OUTDAT RMB il Data to be sent 
O0011A 8002 0001 A DSPDAT RMB 1 Display data 
‘00012A 8003 0001 A KEYDAT RMB ] Receive data 
00013 * 
00014 NOK KK SYMBOL DEFINITIONS 3 ckekok oO OOK OK KO OK OK HOK OK KOK 
00015 * | 
00016 0014 A RPSCR' EQU $14 Port S control register 
00017 A000 A DDRA EQU $A000 Data direction register ACPIA) 
00018 A001 A CRA EQU $A001 Control register ACPIA)D 
00019 A002 A DDRB EQU $A002 Data direction register BCPIAD 
00020 A003 A CRB EQU $A003 Control register BCPIA)D 
00021 ADDO A PIRA EQU $A000 Peripheral register ACPIA)D 
00022 A002 A PIRB EQU $AN02 Peripheral register BCPIA) 
00023 COOO0 A CR EQU $COO00 Control register CACIAdD 
00024 COOO A SR EQU $CO00 Status registercACIA) 
00025 COO1 A RDR EQU $CO0O1 Receive data register¢ACIA) 
00026 COO1 A TOR EQU $COO1 Transmit data register(CACIA) 
00027 FOO OOOO OOK OO ORK OR I IOI OOK OK I OR KOO OK AOR OI KR IOACHOR K 
00028 * aK 
00029 « MAIN PROGRAM : EXPMN ae 
00030 »* 7 * 
00031 OOOO OI ORO OR OR ORO IO OOK FORO OK IK OK K NOK KAO KK ok 
00032 * | 
00033A C000 ORG $COOO 
00034 * 
0003S5A COOO 8E 013F A EXPMN LOS H$S13F Initialize stack pointer 
O00036A C003 86 04 A LDAA HSOG Select peripheral register A 
00037A COOS B? ADO] A STAA CRA 
00038A C008 4F CLRA Set RS=0.R/W=0.E=0 
00039A COO9 B? ADDO A STAA PIRA 
00040A COOC B7 ADDI A STAA CRA 
00041A COOF 86 FF A LDAA HOFF Select port A as output 
00042A C011 B7? ADDO A STAA DDRA 
00043A C014 86 04 A LDAA S04 Select peripheral register A 
00044A C016 B? ADO] A STAA CRA 
0004S5A CO19 4F CLRA Select data direction register B 
00046A CO1A B? ADDS A STAA CRB 
0004¢7A CO1D 86 FF A LDAA HSFF Select port B as output 
00048A CO1F B7? ADD2 A STAA DORB | 
00049A C022 86 04 A LDAA H$S04 Select peripheral register B 
OOOSOA C024 B? ADD3 A STAA CRB . 
OOOSIA CO27 BD COAE A JSR EXPINT Initialize LCO-IT 
000S52A CO2A 86 OE A LDAA HSOE 
00053A CO2C B7? 8000 A STAA INSDAT Store LCD display data 
O0054A COZ2F 8D S2 C083 BSR EXPBSY Check busy flag 
OOOSSA C031 BD COD3 A JSR EXPINS Store instruction 
OOOS6A C034 86 97 A LDAA H$97 Master-reset ACIA 
000S7A C036 B? COOO A STAA CR 
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QO0S8A 
OO0S9A 
OO060A 
OOO061A 
00062A 
00063A 
O0064A 
QOO06SA 
00066A 
00067A 
OO068A 
00069A 
Q0070A 
OO0071A 
00072A 
00073A 
O0074A 
O0075A 
00076 
O00?r? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
OOO086A 
00087A 
00088A 
000898 
OO090A 
OOO91A 
00092A 
QO093A 
Q0094A 
OO09SA 
QO0096A 
00097A 
00098 
00099 
00100 
00101 
00102 
00103A 
00104A 
Q0105A 
00106A 
00107A 
00108A 
001098 
00110A 
00111A 
001124 
00113A 
00114A 


CQ39 
CO3B 
CO3E 
CO41 
C043 
CO4S 
C046 
C049 
CO4B 
CO4E 
COS1 
COS3 
COS6 
COS9 
COSC 
COSF 
C061. 
C064 


C066 
C068 
CO6A 
CO6D 
CO6F 
CO?2 
CO?S 
CO78 
CO7A 
CO?D 
CO?F 
C082 


C083 
C084 
C087 
CO8A 
CO8C 
CO8F 
CO91 
CO94 
CO97 
CO99 
COSC 
CO9D 


80 
86 
B? 
86 
B? 
Bé 
B? 
86 
B? 
86 
Br 


39 


4F 
B? 
B? 
86 
B7 
Bé 
B7 
Fé 
B6 
B7 
S8 
25 


95 A 
COOO A 
FE 40 

7D A 
14 A 
Q1 40 

FB C046 
8003 A 
FE 40 

9S A 
COOO A 
COFA A 
8001 A 
8002 A 
OS C066 
COEC A 
EO COQ46 
1B C083 
04 A 
AOOO A 
OS A 
AOD0O A 
8002 A 
A002 A 
04 A 
AOODO A 
O02 A 
AODO A 


A003 A 
AD02 A 
04 A 
A003 A 
03 A 
AQOO A 
AQD2 A 
QO2 A\ 
AOODO A 
FO CO8F 


EXPMN1 


LDAA 
STAA 
BCLR 
LDAA 
STAA 
EET 
BIST 
BEQ 
LDAA 
BCLR 
LDAB 
STAB 
JSR 
STAA 
STAA 
BSR 
JSR 
BRA 


HS9S 
CR 


0, KEYORF 


#$7D 
RPSCR 


Q.KEYDRF 


EXPMN1 
KEYDAT 


O.KEYORF 


HS9S 
CR 

TPR 
OQUTDAT 
OSPDAT 
EXPODSP 
EXPOUT 
EXPMN1 


Initialize ACIA 


Initialize key receive flag 
Initialize port S 


Enable interrupt 

Test if data is received 
Branch if not received 
Store key data 

Clear receive data flag 
Set RTS=LOW 

Convert ASCII Lowercase into uppercase 
Store data to be sent 

Store display data 

Display characters 

Send data 


SROROROKOKOIOIOHOK IK HOH KKK KHOR KOK KK ROK KICK ROK TOK 2 OK KOK KCK CCK OK KOK COOK 


* 
* 
1K 


NAME 


x 


EXPDSP (DISPLAY CHARACTERS) * 


* 


DK HE KCI aK DK KK DK KK DIC EC CE HC HC HCO IK DK OK EC OE DK HC DH DC DEC 2 DK DC OK 2 DH CK CK 2K OK KOK OK 21K 


* 


* ENTRY 
* RETURNS 


* 


>K 


DSPDAT «DISPLAY DATA) *K 


NOTHING 


7K 
*K 


OK KOK KOK OICOK OK OOK IK IOK KOK COOK KOK OK HCO OK KOK ACK KCK 2K ROK HO OK KK OK OKC OK 


EXPDSP BSR EXPBSY Check busy flag 

LDAA HSO04 Set RS=1,R/W=0 

STAA PIRA 

LDAA HSOS Set E=1 

STAA PIRA ' 

LDAA DSFPDAT Output LCD-II data 

STAA PIRB 

LDAA B04 Set E=0 

STAA PIRA 

LDAA HS02 Set RS=0,R/W=1.E=0 

STAA PIRA 

RTS 
SOKOK OK OIC IOOK OK OK KOKOK HOR HOT OMOK HSK DK I OOOO HOR HOOK HOOK OK HOOK MOK IOC KK HOOK 
*« *K 
* NAME EXPBSY (CHECK BUSY FLAG) * 


MK 


K 


FOCI ICO IO OOO KIO IORI OOOO KHOR HOOK IOI IO OK HOOK HOOK 
EXPBSY CLRA 


EXPBY1 


STAA 
STAA 
LDA 
STAA 
LDAA 
STAA 
LDAB 
DAA 
STAA 
ASLB 
BCS 


Select data direction register B 


CRB 
DORB Select port B as input ‘ 
H£04 
CRB Select peripheral register B 
HBO3 Set E=1 
PIRA 
PIRB Read busy flag 
#BO2 Set E=0 
PIRA 
Set busy flag to bit C 
EXPBY1 Loop until busy flag=0 
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O011S5A CO9F 4F CLRA Select data direction register B 
00116A COAO B? ADD3 A STAM =CRB 


00117A COA3 86 FF A LDAA HSFF Select port 8 as output 
00118A COAS B? ADD2 A STAA DDRB 

00119A COA8 86 04 A LDAA = =#804 Select peripheral register 8B 
00120A COAA B? ADD3 A STAA CRB 

00121A COAD 39 RTS 

00122 YOO I OOOO OOOO OIOIOI COR ORK OOK OO ORK IO IO OIOK KOK KOK KHOK OK 
00123 * * 
00124 * NAME : EXPINT CINITIALIZE LCD-II) 
00125 > ss | >K 
00126 SOOO IO FOR OR ORO OOK OOK OR IOI IOK IO IOR OI IO OK KOK KCK 1OK HOOK K : 
00127 ¥. a 
00128 * ENTRY : FUNC CFUNCTION DATA) x 
00129 * ENTRY CENTRY MODE DATA) 
00130 OK RETURNS : NOTHING | # 
00131 x 
00132 ME IC HC Ye IC KC KK HC 1 2 2K 21K 3K 2K 2K 2 ROOK IRC IOOK OK SK ACK DK 3K OK KOK ok KK HOOK 9K OOK OK ok ok CHE 
00133A COAE C6 03 A EXPINT LOAB H$O3 Initialize counter 


00134A COBO CE OEA6 A EXPIT1 LDX #3750 Execute softwaer timer 
00135A COB3 09 EXPIT2Z DEX 


00136A COB4 26 FD C0B3 BNE EXPIT2 

00137A COB6 86 30 A LDAA #430 Store function data 

00138A COB8 B7 8000 A STAA INSDAT 

00139A COBB 8D 146 COD3 BSR EXPINS Write instraction to LCO-II 

00140A COBD SA DECB Decrement counter 

00141A COBE 26 FO COBO BNG ~EXPITI Loop until TNCNT=0 

00142A COCO CE C120 A LOX HOMlDE Load starting ADDR of display mode data tabl 

00143A COC3 A6 OD A EXPIT3S LDAA On Store instruction data 

00144A COCS B? 8000 A STAA INSDAT : 

0014S5A COC8 8D BS C083 BSR EXPBSY Check busy flag 

00146A COCA 8NP O7 COD3 BSR EXFINS Store instruction 

00147A COCC 09 DEX Decriment pointer 

00148A COCD 8C C124 A CPX HOMODE+4 Loop until TX=HDMODE+4 

00149A CODO 26 Fl COC3 BNE EXPIT3 

00150A COD2 39 RTS 

OO1S1 FORCIOOO OOK ICO TORIC CORIO CIO OR OOK OOK KOK 1 IOK KOK KOK KKK 

00152 * | * 

00153 * NAME : EXPINS CSTORE INSTRUCTION) OK 

00154 * * 

00155 ORI CTOR CIO OK OK I OR ORO OK OOOO COOK OOK OK OK I OIOR II OOK KOK KKK 

00156A COD3 4F EXPINS CLRA - Set R/W=0 

00157A COD4 B? AQDQ A STAA PIRA . 

001S8A COD? 86 Ol A LDAA H$O1 Set E=1 

00159A COD? BY ADDO A STAA PIRA 

00160A CODC Bé 8000 A LDAA INSDAT Store instruction 

00161A CODF B? AD0D2 A STAA PIR6 

00162A COE2 4F CLRA Set E=0 

00163A COE3 B? ADDN A STAA PIRA 

00164A COE6 86 02 A LDAA HBO2 Set RS=0.R/W=1,E=0 

0016SA COE8 B? ADDO A STAA PIRA 

00166A COEB 39 RTS 

00167 SOOO OK ICI CHOIOR FOTO OO OK FOR IORI OIOOR OK OOK IOK OK KOK KHOR KOK IOHOK HK OK 1 OK KK 

00168 * >» 

00169 Kk NAME : EXPOUT CSEND DATA) * 

00170 > aS 

00171 | FORO OOK OOK COR OOOO OK OK IO OOK OK OK I HOK IK IK KOK OK 
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00172 “k A 


00173 Kk ENTRY : OQUTOAT <DATA TN BE SENT) a 
00174 * RETURNS : NOTHING 4 
00175 XK a 
00176 ROK FOR OK OK IOI IOI IORI OICIOK ACK I SSR ATT ISTIC T OIOK HORI HOE RK OIC 
00177A COEC 86 02 A EXPOUT LDAA HB5O2 Test if TORE=] 
00178A COEE B4 COOO A ANDA SR 
00179A COF1 27 F9 COEC BEQ EXPOUT Loop until TORE=0O 
00180A CQF3 B6é 8001 A LDOAA OUTDAT Store send data 
00181A COF6 BY COO] A STAA TOR 
00182A COF9 39 RTS 
00183 YORI OR OROICIGE HCHO KHOR IGOR IORI OR OK ORK TOK YORK OK I OK K MOR KH a 
00184 * * 
00185 * NAME : TPR CCONVERT ASCII LOWERCASE *k 
00186 Ac INTO UPPERCASE) K 
00187 * x 
00188 OOO OK HOOK ORO OOK OI IOK KOK ICI ROR OK OR OOK HOR OK KOK HOR AOR 1OK KICK 
00189 * * 
00190 * ENTRY =: ACCA CASCII LOWERCASE) > 
00191 K RETURNS : ACCA CASCII UPPERCASE) 1K 
00192 * o 
00193 FORO ORO IOR OOOO OR OK OOOO IOI OOK HOK AOK 2K KK 2K 
00194A COFA 81 61 A TPR CMPA H'a ACCA - ‘a’ 7 
0019SA COFC 2S 06 C104 BCS TPR1 Branch if ACCA < ‘a' 
00196A COFE 81 7A A CMPA H'z ACCA. = t2" 2 
00197A C100 22 02 C104 BHI TPRI Branch tf ACCA > ‘z' 
00198A C102 84 OF A ANDA HSOF Convert lowercase into uppercase 
00199A C104 39 TPR1 RTS 
00200 FORO COO OK TORII ICO OI OR I OR IOI OOOO OOK IORI IOI OK I HOK G 
00201 *« K 
00202 *K NAME : EXPINP CRECEIVE DATA) *K 
00203 x > 
00204 OOOO OC IORI OO IOI OK OOOO OOO OK OOOO OKI OOK AOR HOR IOK IOI K 
00205 nr 3 
00206 *« ENTRY > NOTHING * 
00207 : »* RETURNS : KEYDAT CRECEIVED DATA) aS 
00208 *K- KEYORF CRECEIVED FLAG) * 
00209 XK se 
00210 SOOOOIOKOOOOOOOOOIORIOR OK IO ORO OI IO I HK KK OK KOK 
00211A C10S 86 30 A EXPINP LDAA #£30 Test if RORF=17 
00212A C10? B4 COOO A ANDA SR 
00213A C10A 26 OF C11B BNE EXPIP1 Branch if RDORF=0 
00214A C10C 86 DS A LDAA H$D5 Set RTS=High 
00215A C10E B7? COO0O A STAA CR 
00216A C111 Bé COOL A LDAA ROR Read received data 
00217A C114 BY? 8003 A STAA KEYDAT Store receive data 
00218A C11? 72 Q1 40 BSET O,.KEYORF 

~ 002198 C11A 38 EXPIPZ2 RTI 
00220A C11B B6 COOl A EXPIP1 LDAA ROR Enable interrupts 
00221A C11E 20 FA C11A BRA EXPIP2 
00222 YOR OROOOROIOROOROIOOOR OOOO HORROR OR OOK ROK HOR KAO OK OK HOOK 
00223 * ok 
00224 * DATA TABLE * 
0022S 2 * 
00226 OOK IOK OOK KORO TOR OOO OR IOK ICO OOOO OK IOOK OK K HOR K 2 
00227A C120 30 A DMODE FCB $30.4$08,$01,$06 
00228 SOOO IORI IOIOK OR IOK OK OK ROO OIOKOK OK HOR IO HOOK OK IOI KOK KK NCOK HOK DK 
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00229 * : 


00230 x VECTOR ADDRESSES |. > 
00231 2 * 
00232 OOOO OR OO OR OOOI OR IOI IO HOR OK OK OK KI OK IOK HOK HCOK 
00233 * 

00234A FFEA ~ ORG $FFEA © 

00235 * 

002368 FFEA CooO A FOB . EXPMN IRQ2 

00237A FFEC Cooo A FOB EXPMN CMI 

00238A FFEE cooo A FOB EXPMN TRAP 

00239A FFFO COOO A FOB EXPMN STo 

00240A FFF2 CooO A FDB EXPMN- TOL 

00241A FFF4 Cooo A FDB EXPMN OCT 

00242A FFF6 Cooo A FOB EXPMN ICI 

00243A FFF8 Ci0S A FDB EXPINP IRQI/ISF 

00244A FFFA Cooo A FOB EXPMN SWI 

0024S5A FFFC COoOoO. A FOB EXPMN NMI 

00246A FFFE CooOd A FOB EXPMN RES 

00247 * , 

00248 END 
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SECTION 13. SLOW DEVICE INTERFACE 


13.1 HARDWARE DESCRIPTION 


ES sed 


13.1.2 


I3ei23 


pac pa 


Function 


Compares a check sum, obtained from a data block in external memory, 
with a check sum stored beforehand in the data block and indicates 


whether or not they are the same using an LED. 


Microcomputer Operation 


The HD63B01YO0 accesses slow devices using the auto-memory-ready function. 
Signal CS, of the slow devices is input directly to the memory-ready 
pin by setting both the enable bit of memory-ready and the enable bit 


of auto-memory-ready to "1". 


Peripheral Devices 


HN482764G-3 EPROM: Used as an external memory. Its maximum access 


time is 300ms. 


Circuit Diagram 


Memory-ready circuit is shown in figure 13-1. 
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+5V 








- EPROM 


HN482764G-3 + 


+5V 


luF 


RAM 


Figure 13-1. Memory-ready Circuit 
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13.1.5 Pin Functions 


Pin functions for control of LED connection pins and slow device pins 


are shown in table 13-1. 


Table 13-1. Pin Functions 








Pin Name Input/ Active Level Program 
(HD63B01Y0) Output (High or Low) Function Label 
P60 Output Low Turns on LED. P6DTR 
P52/MR Input Low Memory-ready pin. — 





13.1.6 Memory Map 


Address decoding for this application example is shown in table 13-2. 
A slow memory device, the HN482764G-3, is allocated as external 
memory by the HD/4HC138 address decoder. Address buses A)3, Aj,q4 and 
A,5 are connected to A, B and C pins, respectively, of the HD/4HC138. 
Address space $8000. $FFFF is divided into 8k-byte sections. 


Table 13-2. Address Decoding 


HD74HC138 Address Allocation 


Input Output 
C B A 
Gi GoA GoB —————. Yo Yui Yo Y3 Yu Ys Ye Y7 


Ais Ai4 Ail3 





H L L oH L L H H H H L H H H_ 8000 9FFF EPROM 
H L L H L H H H H H H L H FH AOO00O'’ BFFF Not Used 
H L L H H L H H H H H H L FH C000 DEFFF Internal ROM 


H L L H H H H H H H H H H L EQOOOV FFFF Internal ROM 
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Memory map for this application example is shown in figure 13-2. 


Internal Registers 


Not Used 
Internal RAM (256 bytes) 
Not Used 


EPROM HN482764G-3 


Not Used 


Internal ROM (16k-bytes) 





Figure 13-2. Memory Map 


13.1.7 Hardware Operation 


Timing chart for the HD63B01Y0 and slow device HN482764G-3 is shown 


in figure 13-3. 


E 


Address Bus X XK EPROM address XXX) 


(CS signal of slow device) 





Figure 13-3. Memory-Ready Bus Timing 
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13.2 SOFTWARE DESCRIPTION 


13.2.1 Program Module Configuration 


The program module configuration for determing check sum is shown in 


figure 13-4. 


CHECK SUM 





Figure 13-4. Program Module Configuration 


13.2.2 Program Module Functions 


Program module functions are summarized in table 13-3. 


Table 13-3. Program Module Functions 


No. Program Module Name Label Function 





0 MAIN PROGRAM MRMN Displays result of comparing check 
sums. : 
1 CHECK SUM MRCHK Obtains check sum of data block in 


external memory. 
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13.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 13-5 shows the procedure for testing check 


sums as performed by the program module in figure 13-4. 
Main Program 
--—|nitianize stack pointer. 


Select port 4 as output for upper address 
$FF>P4DDR --- 
: output. 


$F4—>RP5CR .---| mitiatize RAM/port 5 control register. 


$01->P6DTR 


—--—+4 Initialize port 6. 


$01—7>P6DDR 


Load the starting address of external ROM 
~ "| into entry argument (IX) of MRCHK. 


| MRCHK ---| Execute MRCHK to obtain check sum. 


(Bit C) =1 


$8000-— IX . eae 


Test whether or not check sum obtained 
in this program and check sum stored 
beforehand are the same. 


If these two check sums are the same, 
—* turn on LED. 


---|z¢ not the same, make LED blink on and off. 





Figure 13-5. Program Module Flowchart 
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13.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: cCHRCK SUM MCU/MPU: Hp6301Y0/ Label: mrcpK 
HD6303Y 


Function: 


Obtains’ check sum of data block and compares check sum obtained with check sum 
stored beforehand. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 


Contents Location Bytes 


aGGn Rees ROM (Bytes): 23 


Entry starting x RAM (Bytes): 2 
address Stack (Bytes): O 


Data table rx 2 


No. of cycles: 137 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


Check sum pit c 
result 
indicator (CCR) 


Not Affected 
Undefined 
Result 





Description: 


1. Function Details 
a. Argument details 


IX: Holds the starting address of data table: 


bit C(CCR): Used as a flag indicating. whether or not contents of external 
memory are correct, determined by check sum result. Table 
13-4 shows flag functions. 


Example of MRCHK execution is shown in figure 13-6. If entry argument 
is as shown in part @Mof figure 13-6, bit C is set to "1" as shown in 
part @ of figure 13-6 when the two check sums are the same. 


Specifications Notes: 
"No. of cycles" in "Specifications" indicates the number of cycles required to 
obtain a check sum for 9 bytes. 
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Program Module Name: cyrck SUM MCU/MPU: HD6301Y0/ 


HD6303Y | 





Description: 


Table 13-4 Flag Functions 














Register bit C Function 
CCR 0 Indicates contents of external memory is not 
| correct. | | | 
al Indicates contents of external memory is 
- correct. 
+ b15 IX  b0O 
Entry { 
@ Entry et ($8000) [8,077] 
Data Block 
b7 bO 
Address of 
check sum 
Data for which 
check sum is 
to be computer 
$s006| $4 |} Check sum 
7 a Bit _C_ 
@) Return Bit C 
1 
ae (CCR) 


Figure 13-6. Example of MRCHK Execution 


c. MRCHK calls neither the program modules nor subroutines. 
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Program Module Name: CHECK SUM MCU/MPU: HD6301Y0/ Label: MRCHK 


HD6303Y 





Description: 
2. User Notes 


a. Initialize RAM/port 5 control register since the auto-memory-ready 
function is used. 


b. To check the contents of external memory, data, shown in figure 13-7, 
must be stored in memory. 


External ROM 


b7 bO 
Starting address —» $8000 Address in which LSD of 
of external check sum is stored. 
memory, allocated 
by users. 
Data 
$800C Check sum of data above. 


Figure 13-7. External ROM 


3. RAM Allocation 


Label RAM Description 
b7 bO 


END . ; ' 
CHEN tO Address in which correct check sum is 
stored. 
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Program Module Name: cHECK SUM 





MCU/MPU: HD6301Y0/ Label: MRCHK 


HD6303Y 





Description: 


4. 


1052 


Sample Application 


LDAA #$F4 eee 
STAA RP5CR Initialize RAM/port 5 control register. 
LDX #8000 ---- Load starting address of external memory 


into entry argument of MRCHK. 


[ask wncaK J] ----- cata uncux. 


Test whether or not contents of memory 
is correct. 


] SERVICE ROUTINE] el eos Execute service routine if contents of 
memory are correct. 


ERROR | ERROR PROGRAM | oe Execute error program if contents of 


memory are incorrect. 
t 
i 


Basic Operation 


IX is used as a pointer to data table. 
Sum of data is obtained by adding to ACCA. 


Data in data table is added to ACCA in sequence using index addressing 
mode. Carry generation is ignored. 


If contents of IX equals the address following the last byte of data, 
addition is terminated. 


LSD of addition result is compared with check sum stored beforehead. 


If these two strings of data are the same, bit C is set. If not the 
same, bit C is cleared and MRCHK execution is terminated. 
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Program Module Name: CHECK SUM 


MCU/MPU: 4D6301Y0/ Label: mRcHK 


HD6303Y 





Flowchart: 


MRCHK 


MRCHK 


( IX )>CCHEND 
:CHEND+1 ) 


CIX)+2->1xX 









CACCA)+( 1X) 
> ACCA 


CIxX)+1—-> Ix 


(1X) CCHEND: CHEND+1 ) 








(IX)=CCHEND: 
CHEND+1 ) 






Store address in which check sum 
is stored in data table. 


--4 clear register for addition. 


__ | Load starting address of data table 
into data table pointer. 


-- aaa data to ACCA. 


---[ tncrement data table pointer. 


-- Test if addition of data is completed. 


(IX) =(CHEND:CHEND+1 ) 


(ACCA) #( IX) 


MRCHK 2 


O-Bit C 


MRCHK 3 


RTS 


Compare LSD of addition result with 
“ check sum stored beforehand. 


(ACCA) = (IX) -{ 35 these two strings of data are not 


LBL 


the same, clear bit C. 


_| If these two strings of data are the 
same, set bit C. 
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13.4 SUBROUTINE DESCRIPTION 





MCU/MPU: HD6301Y0/ Label: MRLED 


Subroutine Name: DISPLAY LED 
HD6 303Y 





Function: 


Turns LED on and off, and executes software timer for 0.5s intervals (blinking LED) 


Basic Operation: 


1. Output ee P6o is tested. 
If Low, output High to turn off LED. 
If High, output Low to turn on LED. 


2. Software timer for 0.5s intervals is executed. 








Program Module Using This Subroutine: 


Flowchart: 


MRLED 
MRLED 


(0,P6DTR) =0 
“(0 ,P6DTR) =0 ---| test bit O of port 6. 


0,P6DTR)=£0 


MRLED2 


Output Low to turn on LED. 


Output High to turn off LED. 


(ACCA)-1+ ACCA 


Execute software timer for 0.5s 
intervals. 


CACCA)0 . 
B AJ=1 
(IX)+40 
S IX) =0 


RTS 
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00001 
00002 
00003 
00004A 
00005 
OO006A 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022A 
00023 
00024A 
Q002SA 
00026A 
00027A 
00028A 
00029A 
00030A 
O0031A 
00032A 
00033A 
00034A 
QO003SA 
00036A 
00037A 
00038A 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
OOOSOA 
OOOS1A 
00052A 
00053A 
00054A 
OOO0SSA 
OO00S6A 
000S7A 


0040 
0040 


CO00 


C000 
C003 
Co0os 
COO? 
C009 
COOB 


COOD 


COOF 
CO11 
C014 
CO16 
C018 
COLA 
CO1C 
CO1E 


CQ20 
CO22 
C024 
C025 
C026 
C027 
CO29 
CO2A 


EC 
DD 
4F 
08 
08 
AB 
08 
SC 


13.5 PROGRAM LISTING 


0002 A 


0006 
000S 
0014 
0017 
0016 


DDDPDIY 


— 
XN 
Drrprprrprpreyp 


00 A 
40 A 


00 A 
40 A 


*K 
HOR HO OOK OOK 
*K 

ORG 
* 
CHEND RMB 
* 
YOR HOOK OK 
* 
P3DTR 
P4DOR 
RPSCR 
P6éDTR 
P6éDD0R 
K 


EQU 
EQU 
EQU 
EQU 
EQU 


RAM ALLOCATION 


$40 
2 


SMYBOL DEFINITIONS 


$06 
$05 
$14 
$17 
$16 


HK I DC DC OK CCC CCK ICI KK OK 


Address of check sum 


DR HOOK ROK OK HOH KOK 


Port 3 data register 

Port 4 data direction register 
RAM/portS control register 
Port 6 data register 

Port 6 data direction register 


ORO ROKK KOK IOI KOK ORC KCK KCK CK CC KOCK CO CK IC CKO CK IC KCK 2K 2K 2K OK OK 


1K 
* 
* 


MAIN PROGRAM : 


*K 


MRMN * 
*K 


ROR OR OROR OK KOK KOK OKO K IORI KOK I KOCK OK 3K ECO OIC COCK KCI OK KC 0K KC CK IK KC OK OK OK 


* 

ORG 
* 
MRMN LDS 
LDAA 
STAA 
LDAA 
STAA 
LDAA 
STAA 
STAA 
LOX 
BSR 
BCS 
BSR 
BRA 
BSR 
BRA 


MRMN1 


MRMN2 
PEND 
* 


$CO00 


HS13F 
HSFF 
P4D0R 
HSF4 
RPSCR 
HO1 
P6DTR 
Pé6DOR 
#$8000 
MRCHK 
MRMN2 
MRLED 


-MRMN1 


MRLED 
PEND 


Initialize stack pointer 
Initialize port4 DOR 


Initialize RAM/portS control REG 
Initialize porté 

Load strating ADDR of data table 
Execute MRCHK 


Branch if bit C = 1 
Execute LED 


‘Branch MRMN1 


Execute LED 
End of program 


ROROIOIOR OK OR OK OOK OOK KOK OR IK OO ROR HOOK IOK KK KOK OK HOOK OK OK OOK KK OK OOK 


* 


*« NAME 
* 


* 


* ENTRY 
* RETURNS 


* 


*# 


CHECK SUM CMRCHIX) * 


*K 


SOK OORORO OR IORI OK IOI OIOIOK IK OR OK OK I OROK HOI OK KOK HOOK IOK IKK 2K KOK OK OK CK 


*K 


IX (DATA TABLE STARTING ADDR) * 
BIT C (C=1:TRUE,C=0:FALSE) * 


* 


DICK KKK CK I OK FICO KOK KOK KOC ICO OK IKK KOK ROKK HOOK OK OK OK OK KOK 


MRCHK LDD O.X Store correct check sum data ADDR 
STO CHEND 
CLRA Clear register for addition 
INX Load data table starting address 
INX 
MRCHK1 ADDA O.X Add data to ACCA 
INX Increment data table pointer 
CPX CHEND Test if addition is completed 
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000S8A 
OO00S9A 
O0060A 
000618 
00062A 
00063A 
00064A 
0006S 
00066 
00067 
00068 
00069 
00070 
00071A 
00072A 
00073A 
O0074A 
0007SA 
00076A 
00077A 
00078A 
00079A 
00080A 
00081A 
00082A 
00083A 
00084A 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092A 
00093 
Q0094A 
OO0095A 
00096A 
00097A 
00098A 
O0099A 
00100A 
00101A 
00102A 
00103A 
00104A 
00105 
00106 


1056 - 


COQO2C 
CO2E 
CO30 


C032 


COQ33 
CO34 
CO3S 


C037 
CO3A 
CO3C 
CO3D 
CO3F 
CO41 
C043 
C045 
C048 
CO4A 
C048 
CO4D 
CO4E 
COSO 


FFEA 


FFEA 
FFEC 
PREE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFEC 
FFFE 


26 
Al 
26 
OD 
39 
OC 
20 


F9 
00 
O02 


FC 


Ol 
OS 


17 
04 
01 
17 


CO27 
C034 


Le 
C041 


A 
C045 
A 

A 


OZE8 A 


FA 
FD 
F8 


COO0 
COO00 
C900 
COOO 
CO00 
CO0O 
COO0 
C000 
CO00 
CO00 
COO0O0 


A 
CO4A 
C048 


DrrrprprprrrrTyp 


MRCHK3 
MRCHK2 


*# 


BNE 
CMPA 
BNE 
SEC 
RTS 
CLC 
BRA 


MRCHK1 
Q.X 


MRCHK2 


MRCHK3 


Branch 
Compar 
Branch 
Set ce 


Clear 


if not equal 

e data with check sum 
if not equal 

rey 


carry 


OOOO OOOO OOO OK IOI IOKOIOK IOO OK HOR KOK I HOTOK OK KICK ACK OK As OK 2K OK KOK OK OK 


* 


*K 


2k NAME MRLED (OISPLAY LED) * 
* Me 
OHO HOI IK OK IK OR AO OK OK OK OK KOK OK OK IOK OK OHO IOIOR KOK ROKK OIOK HO IOI OK IK KOK KF OK OK Hook 
MRLED BTST O,.P60TR Test if LED on or off 

BEQ MRLED1 Branch if on 

CLRA Load data to turn on LED 

STAA P6DTR . 

BRA MRLED2 Branch to LED2 
MRLED1 LDAA #201 Load data to turn off LEO 

STAA P6DTR | 
MRLED2 LDX #1000 Execute software timer for 0.55 
MRLED3 LDAA #250 
MRLED4 DECA. 

BNE MRLED4 

DEX 

BNE MRLED3 

RTS 


* 


DK KK KK OK KK OEE 1 i Ie MEK Meo fe OS ate ote 2K IC HCC HC EK AC HK DK OK OIC IK CI OK 2 OK KE IG 2K 2K 2K KK SK 


* 
* 
Ae 


VECTOR ADDRESSES 


*K 
>K 
Kk 


OK OK YOR IO ORO OOK IOI IOI CR IORI KOK YORK OI OK IO OK KOK OK ROK OOK OK HOHCACK OK KOK 


>K 


* 


ORG 


FOB 
FDG 
FOR 
FOB 
FDB 
FDB 
FOB 
FOB 
FDB 
FDB 
FOB 


END 


SFFEA 
MRMN IROQ2Z 
MRMN CMI 
MRMN TRAP 
MRMN SIO 
MRMN TOI 
MRMN OCI 
MRMN LCT 
MRMN IRO1/I1 
MRMN SWI 
MRMN NMI 
MRMN RES 
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SECTION 14. LOW POWER DISSIPATION MODE 


14.1 HARDWARE DESCRIPTION 


14.1.1 Function 


14.1.2 


14.1.3 


Executes a test program for two low power dissipation mode: sleep mode 
and standby mode, and displays current mode and an 8—bit counter on 


LEDs. 


Microcomputer Operation 


The HD6301Y0 executes standby mode by clearing standby flag of RAM/ 
port 5 control register during NMI interrupt routine; and executes 
sleep mode by instruction SLP execution corresponding to switch input. 
The MCU returns from standby mode by reset; returns from sleep mode by 


timer 2 interrupt. 


Peripheral Devices 


Switches and LEDs: SW1 and SW2 are used to execute sleep mode and 
standby mode, respectively, and LEDI-LED3 indicate the current 
operating state of the HD6301Y0. Switch and LED setting for each mode 
are shown in table 14-1. In addition, LED4-LED11 are used to display 


an 8-bit counter during sleep mode. 


Table 14-1. Switch Setting and Display for Each Mode 


Test Mode Switch Setting Display 

Sw1 sw2 LED1 LED2 LED3 
Active Mode OFF OFF OFF OFF ~ ON 
Sleep Mode ON OFF OFF ON OFF 
Standby Mode OFF ON ON OFF on (Note) 
Note: 


In standby mode, LED] is displayed after returned from standby mode. 
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14.1.4 Circuit Diagram 


Low power dissipation mode circuit is shown in figure 14-1. 


+5V 


MCU 
HD6301Y0° 


LED1 2000 






LED2 2000 


182076 cj 470) 
6 eae 


! 


Figure 14-1. Low Power Dissipation Mode Circuit 
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14.1.5 Pin Functions 


Pin functions at the interface between the HD6301YO and the switches 
and LEDs are shown in table 14-1. 


Table 14-1. Pin Functions 


Pin Name Input/ Active Level Pin Name Program 
(HD6301Y0) Output (High or Low) Function (SW, LED) Label 
P Output High Drives LED indi- LED3 P1DTR 


10 
cating active 


mode operation. 





Py Output High Drives LED after LED2 
exiting standby 
mode. 
oe Output High Drives LED in- LED1 
dicating sleep 
mode. 
Es Output High Drives LEDs used LED4 P3DTR 
SS as G=bit binary —— 
Pa Output High counter. LED5 
Fa Output High LED6 
ip Output High | LED7 
Piz Output High LED8 
ae Output High LED9 
Pg - Output High LED10 
Pay Output High | LED11 
Pe Input Low Sleep mode switch SWl P6DTR 
input 
NMI ' Input Low Standby mode Sw2 


switch input 








RES Input Low Standby mode reset SW3 
input 
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14.1.6 Hardware Operation 


a. Standby mode 


The timing chart for entering and exiting standby mode by the STBY 


flag is shown in figure 14-2. 


res ms 


Clear Standby mode 


(Active mode) 


Oscillation 
stabilization 
time 





Figure 14-2. Timing Chart for Standby Mode 


b. Sleep mode 


The timing chart for sleep mode is shown in figure 14-3. 


Sleep mode switch 


Executing 


Program execution 


Timer interrupt timing ee ee eee eee See ee eee 





Figure 14-3. Timing Chart for Sleep Mode 
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14.2 SOFTWARE DESCRIPTION 


14.2.1 Program Module Configuration 


The program module configuration for low power dissipation mode is 


shown in figure 14-4. 





Figure 14-4. Program Module Configuration 


14.2.2 Program Module Functions 


Program module functions are summarized in table 14-2. 


Table 14-2. Program Module Functions 


No. Program Module Name Label Function 





0 MAIN PROGRAM LWPMN Executes low power dissipation mode. 
1 SLEEP MODE LWPSP Tests sleep mode operation. 
2 STANDBY MODE LWPST Tests standby mode operation. 
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14.2.3 Program Module Process Flow (Main Program) 





The flowchart in figure 14-5 shows the procedure for performing low 


power dissipation mode, using the program module in figure 14-4. 


LWPMN Main Program 


LWPMN | — 
C4; PESCR) = kereapscn) SD Test if power is re-supplied during standby 
| mode execution. 


meee Eee 2 Test if reset from standby mode or power 
~~ 1 ON, 
___f[ Turn on LED indicating standby mode and 
| active mode. 
Load value of stack pointer before entering 
standby mode. 
---4 Turn on LED indicating active mode. 


Initialize stack pointer. 


7 Turn off LEDs for binary counter. 





$01—-P1DDR 
----j Select ports 1 and 3 as output. 


$01—-P8DDR 
$52-TCSR8 a | Initialize timer control status register 3. 


o->It st ----} Enable interrupts. 


0—-NMIF 
o-CNTRD --- Clear RAM, 
O0o-CNTRI 


Test for sleep mode request. 


a 
cs 


re 
(1, P6DTR)=0 








(1, P6DTR)=1 


Enter sleep mode. 





rapeens Activate LEDs for binary counter. 


(ACCA)>P8DTR 


NM1 Interrupt Routine 


Standby mode a Enter standby mode. 





Figure 14-5. Program Module Flowchart 
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14.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: s_ERP MODE 


Function: 


Tests Sleep mode operation. 


Arguments: 


None 





Description: 
1. Function Details 


a. LWPSP has no arguments. 


MCU/MPU: HD6301Y0 





Changes in CPU 


Registers and Flags: 


ACCD 
ACCA ACCB 


Not affected 
Undefined 
Result 


b. Sleep mode is entered by switch 1] input. 


Label: LWPSP 


Specifications: 


ROM (Bytes): 10 
RAM (Bytes): QO 
Stack (Bytes): O 
No. of cycles: 19 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 


c. LWPSP calls neither the program modules nor subroutines. 


User Note 


The following procedure must be executed before LWPSP execution. 


a. Select DDR of port 1 as output. 


Specifications Notes: 


N/A 
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Program Module Name: SLEEP MODE MCU/MPU: HD6301Y0 Label: LWPSP 





Description: 
3. RAM Allocation 


RAM is not used during LWPSP execution. 


4. Sample Application 


LDAA #$FF 
STAA P1DTR eowices 
LDAA #EOL Initialize port l. 
STAA P1DDR 
| JSR LWPSP | == Call LWPSP. 


t 
t 
f 
( 
5. Basic Operation 


a. The LED indicating sleep mode is turned on and sleep mode is entered 
by the sleep instruction (SLP). 


b. Timer 2 interrupt executes return from sleep mode, and the LED 
indicating sleep mode is turned off. 
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Program Module Name: SLEEP MODE 


MCU/MPU: yp6301Y0 Label: LWPSP 





Flowchart: 


Turn off LED indicating active mode, and turn 
$FB-P1DTR on LED indicating sleep mode. 


Enter sleep mode. 


Turn off LED indicating sleep mode, and turn 
on LED indicating active mode. 
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‘MCU/MPU: HD6301Y0 






Program Module Name: STANDBY MODE Label: LWPST 





Function: 


Tests standby mode operation. 


Arguments: Changes in CPU Specifications: 


eter ege Registers and Flags: 
Location | 

ACCD 
ACCA ACCB ROM (Bytes): 16 


Contents 


Entry —— [ «| - ] RAM (Bytes): 0O 
Stack (Bytes): 0 
No. of cycles: 31 
-~Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 
Value of STACK 2 
stack (RAM) 
pointer 
LWPST NMIF uF 
execution (RAM) 
flag 


e : Not affected 
x : Undefined 
¢ : Result 


Description: 


1. Function Details 


a. Argument details 
STACK (RAM): Value of stack pointer when NMI interrupt is executed. 


NMIF (RAM): Used as flag indicating LWPST execution, i.e., standby 
mode. 


Example of LWPST execution is shown in figure 14-6. Contents of CPU 
registers, before NMI interrupt by switch 2 input, are saved and LWPST 
is executed. Value of stack pointer is saved in STACK(RAM) and $01 is 
stored in NMIF(RAM). 


Specifications Notes: 
N/A 
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Program Module Name: STANDBY MODE 


MCU/MPU: HD6301Y0 Label: LWPST 





Description: 


@ Tnput | SW2 ON. 


@ 


Result 





areas B15 srack  sTACK+1 bO 
nNMIF _ bO 


b7 
ce 
($01) 


Figure 14-6. Example of LWPST Execution 


c. LWPST calls neither the program modules nor subroutines. 


2. User Notes 


The following procedure must be executed before LWPST execution. 


a. Initialize stack pointer since NMI interrupt is executed. 


3. RAM Allocation 


Label RAM Description 
b7 bO 
STACK f vate of stack pointer 
NMIF } Flag indicating LWPST execution. 


4. Sample Application 


‘ 
LDS #$130 ----- Initialize stack pointer. 
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Program Module Name: STANDBY MODE © 


MCU/MPU: HD6301Y0 


Label: LWPST 





Description: 


5. Basic Operation 
a. Set flag NMIF(RAM) indicating LWPST execution. 
b. Save stack pointer in STACK (RAM). 
c. Set standby power bit of RAM/port 5 control register. 


d. Clear RAM enable bit of RAM/port 5 control register and disable 
RAM access to protect RAM data. 


e. Clear standby flag and enter standby mode. 
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MCU/MPU: D6301Y0 Label: 


Program Module Name: STANDBY MODE 





Flowchart: 


1-0, NMIF asl Set flag indicating LWPST execution. 
Save value of st inter in STACK 
(SP)—%S TACK --- aa alue of stack pointer in 


Set standby power bit. 


"Basic Operation". 


Clear standby flag and execute standby 


| Disable RAM access I moved this to 
| mode. 
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14.4 SUBROUTINE DESCRIPTION 


MCU/MPU: HD6301Y0 Label: LWPCN 


Subroutine Name: INCREMENT COUNTER 





Function: 


Increment counter for LED binary display. 


Basic Operation: 


1. This subroutine is executed at every 32ms interrupt. 


2. Two counters are used to count one second. 


3. LED counter is incremented at every interrupt. When this counter is "31", 
1l-second counter is counted up. 





“Program Module Using This Subroutine: — 


Flowchart: 


0-7, TCSR3B | Clear interrupt request flag. 


(CNTRI)+1-°CNTRI | tncrenent LED counter. 


Count up and turn on LED binary 
counter every second during sleep 
(CNTRI)=81 mode execution. 


$00-CNTRI 


(CNTRD)+1—-CNTRD a Increment l-second counter. 
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00001 
00002 
00003 
QO004A 
0000S 
OO006A 
O0007A 
0O0008A 
OO009A 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
Q0022 
00023 
00024 
00025 
00026 
00027 
00028 
00029A 
00030 
000314 
00032A 
00033A 
00034A 
00035A 
Q0036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043A 
00044A 
00045A 
00046A 
00047A 
00048A 
00049A 
OQOOSOA 
Q00S51A 
Q0052A 
00053A 
000S4A 
Q00S5A 
OOOS6A 
OO0S7A 


0040 


0040 
0041 
0042 
0043 


C000 


C000 


C003 
CO0S 
COO? 
C009 
COOB 
COO0D 
C010 
CQ12 
COQ1S 
C01? 
COQ19 
CO1B 
CO1D 
CO1F 
C021 
CQ23 
C025 
C027 
C028 
CO29 
CO2B 
CO2D 
CO2F 
C032 
C034 
CO37 


14.5 PROGRAM LISTING 


0001 A 
0001 A 
0001 A 
0002 A 
0000 A 
0002 A 
0004 A 
0006 A 
0016 A 
0017 A 
001B A 
QO01C A 
001D A 
0014 A 
80 14 

OD C012 
FE A 
02 A 
FF A 
06 A 
O1l3F A 
OB COQ10 
Ol 42 

EE COOS 
F6 A 
O02 A 
43 A 
Ol A 
00 A 
04 A 
52 A 
1B A 
42 A 
40 A 
41 A 
02 17 

OS C039 
C040 A 
F6é CO2F 


* 


ORHOIOIOIOK RAM ALLOCAT TON oO OOOO IC IK IOK 


* 


* 
CNTRD 
CNTRI 
NMIF 
STACK 
x 


ORG 


RMB 
RMB 
RMB 
RMB 


$40 


Noa KH KR eR 


l-second counter 

LED counter 

LWPST execution flag 
Value of stack pointer 


YOHKOKKOK SYMBOL DEFINITIONS 2 0cGG GOGO OKIOK 


* . 
P1DDR 
P1DTR 
P3DDR 
P3DTR 
P6éDDR 
PéDTR 
TCSR3 
TCONR 
T2CNT 
RPSCR 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


$00 
$02 
$04 
$06 
$16 
$17 
$18 
$1C 
$1D 
$14 


Portl 
Portl 
Port3 
Port3 
Porté 


data 
data 
data 
data 
data 


direction register 
register 

direction register 
register 

direction register 
Porté data register 

Timer control register3 

Time constant register 

Timer2 up counter 

RAM/portS control register 


HE AS HK HOH DK DECK OE OG DC DEO DK OK HC HCO 2 KO CC OK COCK IC OK CK ICI IC KCK OK 2K 2K 


We 
*K 
* 


MAIN PROGRAM : 


* 


LWPMN * 
* 


DEE KOH DC DC CH EC KO CC OC 2 DIC OK 2 HC OK OE OIC KE CIC ECOK IC KOC IK 2K 2K OK OK OK 2K 2K 


*K 


* 
LWPMN 


LWPMN1 


LWPMN2 


LWPMN3 


LWPMN4G 


ORG $CO00 
BIST  7,.RPSCR Test standby power bit 
BNE LWPMN2 
LDAA HSFE Turn on active mode LED 
STAA PIDTR 
LDAA #SFF 
STAA P3DTR 
LOS HS13F Initialize stack pointer 
BRA LWPMN3 
BTST O,NMIF Test if standby mode execution 
BEQ LWPMN1 
LDAA HSF6 Turn on standby mode LED 
STAA PIDTR 
LOS STACK Load stack pointer 
LDAA #$01 Select ports 1 and 3 as output 
STAA P100R 
STAA P3DDR 
LDAA $52 
STAA TCSR3 Initialize TCSR3 
CLI Enable interrupts 
CLRA Clear RAM 
STAA NMIF 
STAA CNTRO 
STAA CNTRI 
BTST 1,P6D0TR Test if sleep mode execution 
BEQ LWPMNS 
JSR LWPSP Execute sleep mode 
BRA. LWPMN4 
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OO0S8A C039 96 40 A LWPMNS LDAA CNTRD 


OO0S9A CO3B 43 COMA 
OO060A CO3C 97 06 A STAA P3DTR Turn on LED binary counter 
OO0061A CO3E 20 EF CO2F BRA LWPMNG 
00062 FORO OOOO OOK IO ORO OOOO OK IOOROK OR KOK HOKIOKOK 
00063 * * 
00064 * NAME : LWPSP CSLEEP MODE) « 
0006S * . * 
00066 SOROROROOOOOIOIOKOOKOIOR IOI OK OOOO I OK KOK IKK KOK OK OK KOK 
00067 * 3 | * 
00068 * ENTER : NOTHING *« 
00069 ss “RETURNS : NOTHING OK 
00070 * * 
00071 SOOO OR OO IOI OIOROIOR OR IO OO OOK IORI OK OOK ROKK KKK OK KOK 
00072A C040 86 FB A LWPSP LDAA H#$FB 
00073A C042 97 02 A STAA P1DTR Turn on sleep mode LED 
OO074A C044 1A . SLP Execute sleep mode > 
O00?7SA CO4S 86 FE A LDAA HSFE 
00076A C047 97 02 A STAA P1iDTR Turn on active mode LED 
00077A C049 39 RTS . 
00078 FOR IORI OOOO OO OOOO OK IORI IOI IO OK IOI OOK KOK KOK 
00079 * *« 
00080 mK NAME : LWPST CSTANDBY MODE) * 
00081 * | | * 
00082 SOOROOOIOOIOR OOK ORO OOOO OOOO OR OK HOR IOROK IOIOKOK HOR KOK 
00083 | | K 
00084 Kk ENTER : NOTHING > 
00085 *« RETURNS : STACK CSTACK POINTER) > 
00086 »K NMIF CLWPST EXECUTION FLAG) x 
00087 * . * 

~ 00088 . DIOR ORO OOOO OOOO ORO OK ORK HOR OK OK IOHOK KOK 
00089A COGA 72 O01 42 LWPST BSET O.NMIF Set LWPST execution flag 
O0090A CO4D SF 43 A STS STACK Store stack pointer 
00091A CO4F 72 80 14 BSET 7,RPSCR Set standby power bit 
00092A COS2 71 FD 14 BCLR 1,.RPSCR Clear RAM enable bit 
00093A COSS 71 OF 14 BCLR S,RPSCR Clear standby flag 
00094A COS8 20 FE COS8 LWPST1 BRA LWPST1 
0009S | OOOO IOOR OOOO OOK OOO IO IORI OOOO OR IOI OKO K IOK KOK 
00096 >» | >» 
00097 * NAME : LWPCN CINCREMENT COUNTER) *K 
00098 * > 
00099 OOOO OOOO OOOO OOOO IOI IO IK IORI OI IOI KOK 
00100A COSA 71 7F 18 LWPCN BCLR 7,.TCSR3 Clear interrupt request flag 
00101A COSD 7C Q041 A INC CNTRI Increment LED counter > 
00102A C060 96 41 A LDAA CNTRI 
00103A C062 81 1F A CMPA #31 
00104A C064 27 O1 C067 BEQ LWPCN1. 
0010SA C066 3B LWPCN2 RTI 
00106A C067 4F LWPCN1 CLRA 
00107A C068 97 41 A STAA CNTRI Turn on LED binary counter 
00108A CO6A 7C 0040 A INC CNTRD Increment 1l-second counter 
00109A CO6D 20 F? C066 BRA LWPCN2 
00110 * a 
00111 ROOIOIOIOOIOIOROOK OOOO OOOO OOK OR IO ORI OK IO IOI OK OK IOK OK 
00112 * > 
00113 ok VECTOR ADDRESSES > 
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00115 

00116 

00117A 
00118A 
00119A 
00120A 
00121A 
00122A 
00123A 
00124A 
00125A 
00126A 
00127A 
00128A 
00129 

00130 


FFEA 
FFEA 
FFEC 
FFEE 
FFFO 
FFF2 
FFF4 
FFF6 
FFF8 
FFFA 
FFFC 
FFFE 


C000 
COSA 
COOO0 
CO00 
COO00 
C000 
CO00 
CO00 
C000 
CO4A 
C000 


pDrrprpryrrryprrTyp 


OOOO OO OOOOOIOIORI OOOO OOOO IO IORI OOK IOI HOOK 


*K 


ORG 
FOB 
FOB 
FDB 
FDB 
FOB 
FOB 
FOB 
FOB 
FDB 
FOB 
FOB 


END 


$FFEA 

LWPMN IRO2 
LWPCN CMI 
LWPMN TRAP 
LWPMN STO 
LWPMN TOI 
LWPMN OCI 
LWPMN ICI 
LWPMN IRQ1/ISF 
LWPMN SWI 
LWPST NMI 
LWPMN RES 
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SECTION 15. HA1835P CONTROL AND ERROR DETECTION 
15.1 HARDWARE DESCRIPTION 


15.1.1 Function 


Executes test program of MCU runaway error and trap error detection 


(operation code error and address error), and displays result on LED. 


15.1.2 Microcomputer Operation 


The HD6301YO sends pulse to the HA1835P voltage regulator controlling 
bit O of port 7 and detects watchdog timer error. In addition, 
detects operation code error and address error using the trap 


function. 


15.1.3 Peripheral Devices 


Switches and LEDS: Switches SW1-SW3 are used to indicate the above 
three errors for testing. The generation of those errors and 
subsequent error handling is indicated by LEDI1-LED3. The 
relationship between switch settings and LED display is shown in 


table 15-1. 


Table 15-1. Switch Setting and Display for Each Mode 





Test Mode Switch Setting Display 

SWw1 Sw2 SWw3 LED1 LED2 LED3 
Normal Operation OFF OFF OFF OFF OFF OFF 
Watchdog Timer Error ON OFF OFF ON OFF OFF 
Operation Code Error OFF ON OFF OFF ON OFF 
Address Trap Error OFF OFF ON OFF OFF ON 
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15.1.4 Circuit Diagram 





HA1835P and Error Detection Circuit is shown in figure 15-l. 


MCU 
HD6301Y0 


(+12V 4+5V 
020 espes7 


) | 10 4F aa 171 100uF 
4.7K O) 11} 12] 10 


1820786 


O.1luF 


0.01u4F 620kQ 





Figure 15-1. HA1835P and Error Detection Circuit 
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15.1.5 Pin Functions 


Pin functions at the interface between the HD6301Y0 and switches, LEDs, 
and the HA1835P are shown in table 15-2. 


Table 15-2. Pin Functions 














Pin Name 
Pin Name Input/ Active Level (SW, LED, Program 
(HD6301Y0) Output (High or Low) Function HA1835P) Label 
Pee Input Low Watchdog timer error SW1 P5DTR 
generation switch 
Pea Input Low Operation code trap SW2 
error generation switch 
Peo Input Low Address trap error SW3 
generation switch 
Pag Output —— Outputs pulse to CLK CLK P7DTR 
pin of HA1835P | 
Pay Output High Drives LED indicating LED1 
watchdog timer error 
generation 
Poo Output High Drives LED indicating  LED2 
operation code trap 
error generation 
Pos Output High Drives LED indicating LED3 
address trap error 
generation 
RES Input Low Inputs reset. RES = 


15.1.6 Hardware Operation 


The timing chart for the watchdog timer function using the HA1835P is 


shown in figure 15-2. 


HA1L835P pin names 20ms System runaway 


] 
180ms as 


1 |e} m9 


Automatic 
reset signal 


Watchdog timer 
error generation 
SW input 





Figure 15-2. Timing Chart for Watchdog Timer 
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15.2 SOFTWARE DESCRIPTION 


15.2.1 Program Module Configuration 


The program module configuration for the HA1835P control and error 


detection function is shown in figure 15-3. 


FSADDR 


DETECT DETECT DETECT 
WATCHDOG OPERATION ADDRESS FROM ERROR 
TIMER ERROR CODE ERROR ERROR BY TRAP 





Figure 15-3. Program Module Configuration 


15.2.2 Program Module Functions 


Program module functions are summarized in table 15-3. 


Table 15-3. Program Module Functions 


No. Program Module Name Label Functions 





@) MAIN PROGRAM FSMN Perform HA1835P control and error 
detection. 
ne DETECT WATCHDOG FSWD Stop pulse output to HA1835P and check 
TIMER ERROR RES input. 
2 DETECT OPERATION FSOP Execute undefined operation code and 
CODE ERROR check operation code error generation. 
3 DETECT ADDRESS ERROR FSADDR Fetch instruction from other than 


ROM, RAM and check address error. 


4 RETURN FROM ERROR FSTRP Return from operation code error and 
BY TRAP address error. 
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15.2.3 Program Module Process Flow (Main Program) 


The flowchart in figure 15-4 demonstrates the procedure for detecting 
watchdog timer error, operation code error, and address error by SW1-3, 


using the program module in figure 15-3. 


Main Program 


{ initialize stack pointer. 


SWl: OFF, output pulse having a 20ms 


{ sa: ON, detect watchdog timer error. 
cycle. 


ON, detect operation code error. 
OFF, Co nothing. 


1 


,.SW3: OFF, Co nothing. 


4 -5a3: ON, detect address error. 


Trap Routine 


RETURN FROM Return from operation code error and 
ERROR _BY TRAP address error. 





Figure 15-4. Program Module Flowchart 
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15.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: DETECT WATCHDOG MCU/MPU: HD6301Y0/ Label: FSWD 
TIMER ERROR HD6303Y 





Function: 


When SW1 is ON, detect watchdog timer error. 
When SW1 is OFF, output pulse to bit O of port 7 every 20ms. 


Arguments: Changes in CPU Specifications: 


None Registers and Flags: 


HeGn een ROM (Bytes): 64 
RAM (Bytes): 2 
Stack (Bytes): 0 
No. of cycles: 10041 
-Reentrant: No 


Relocatable: No 


Interrupt OK?: yes 


Not affected 
Undefined 
Result 


Description: 


1. Function Details 
ON 


SWl OFF | 
FSWD has no arguments. ms 
Example of FSWD execution is shown Pyo ‘a a | LT] 


in figure 15-5. When SWl is OFF, 

output pulse to bit O of port 7 RES | | | | 

every 20ms. ON 

When SWl is ON, stop pulse output LED1 OFF 

and turn on LED] after reset. 

When SWl is OFF again, output pulse 

to bit O of port 7 and turn off LEDI. Figure 15-5. Example of FSWD 
Execution 


Specifications Notes: 
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Program Module Name: DETECT WATCHDOG | |MCU/MPU: HD6301Y0/ 
| TIMER ERROR HD6303Y 





Description: 


c. FSWD calls neither the program modules nor subroutines. 


2. User Notes 


Use SW1l independently of other switches. 


3. RAM Allocation 


Label RAM Description 


b7 bO 
CM olper Leon data for watchdog timer error 
detection. 


4. Sample Application 
|JSR FSWD | ane Call FSWD. 


5. Basic Operation 
a. When SWl is ON, the following operations are performed. 


i. After power ON, data is stored in CMRAM(RAM), an infinite loop is 
executed, and pulse output to the HA1835P is stop. 


ii. The HA1835P determines this status as system runaway and sets RES 
pin to LOW. 


iii. After reset, data in CMRAM(RAM) is compared with data previously 


stored. If these are the same, LED] is turned on. 


b. When SWl is OFF, 10 ms software timer is executed and the output to bit 
O of port 7 is inversed. 
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Program Module Name: DETECT WATCHDOG | |MCU/MPU: HD6301Y0/ Label: FSWD 


TIMER ERROR HD6303Y 





Flowchart: 


FSWD 





Test if SWl is ON. 


& (0,P5DTR)=0 
(0,P5DTR)=1 


O—-1,P7DTR -—-] turn off LEDI. 
O—-CMRAM 
0—-CMRAM+1 
$682—-ACCD 
—----] Execute 10 ms software timer. 


Initialize RAM for comparison 
data. 






Ace) 1-+accp| 


1—ACCD 






(ACCD)< 0 








(0, P7DTR)=1 


(0,P7DTR)=0 


1>0, P7DTR 


FSWD3 aT 


Output High to bit O of port 7. 


Output Low to bit O of port 7. 


+- if bit O of port 7 is l. 
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Program Module Name: DETECT WATCHDOG | |MCU/MPU: 9D6301Y0/ Label: FSWD 
TIMER ERROR HD6303Y 





FSWD4 






(CMRAM)¥$ 5 5 






(CMRAM) =$ 55 


=$55 Test if return from watchdog timer 
aaa error. 


(CMRAM+1) =$AA 


Store comparison data which tests 
SSS SG return from watchdog timer error. 


____.| Turn off LED 1 to indicate watchdog 
timer error handled. 
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Program Module Name: DETECT MCU/MPU: HD6301Y0/ Label: FSOP 
OPERATION CODE HD6 30 3Y 
ERROR 





Function: 


When SW2 is ON, execute an undefined operation code and generate an operation 
code error. If operation code error is detected, turn’on LED2. When SW2 is 
turned OFF, turn off LED2. 





Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 


Contents Location Bytes 


ACCD 


ACCA ACCB ROM (Bytes): 27 


Entry RAM (Bytes): ] 
Stack (Bytes): 0 
No. of cycles: 85 
Reentrant: No 


Relocatable: No 


Interrupt OK?: Yes 


Not affected 
: Undefined 
: Result 





Description: 
1. Function Details 


a. Argument details 


W OFF 
. ® ° ° S 2 
TRMD (RAM): Contains data indicating ON LS 


operation code error. ON 
pepeorr ——{ L_— 


b. Example of ss pin is shown Operation code 
in figure 15-6. en operation error generation 
error is generated, turn on LED2. 


c. FSOP calls an other program module 


as shown in Table 15-4. Figure 15-6. Example of 


FSOP Execution 


Specifications Notes: 


"No. of cycles" in "Specifications" indicates the number of cycles required to 


handle an operation code error. 
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Program Module Name: prrrcr MCU/MPU: HD6301Y0/ Label: FSOP 


OPERATION CODE HD630 3Y 
ERROR 





Description: 


1084 


Table 15-4. Program Module Called by FSOP 


Program Module Name Label Function 
RETURN FROM ERROR FSTRP Return from operation code error or address 
BY TRAP error. ) 





User Notes 


Use SW2 independentry. 


RAM Allocation 


Label RAM Description 


b7 bO 
TRMD [ \ Data indicating operation code error. 


Sample Application 
| JSR FSOP | Bite Call FSOP. 


Basic Operation 
a. When SW2 is ON, execute operation as follows; 
i. TRMD(RAM) is Sidared to indicate operation code error. 
ii. Undefined operation code "$87" is executed. 
iii. LED2 is turned on after returning from trap interrupts. 


b. When SW2 is turned OFF, turn off LED2. 
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Program Module Name: DETECT MCU/MPU: HD6301Y0/ Label: Fsop 


OPERATION CODE HD6 30 3Y 
ERROR 





Flowchart: 







Clear TRMD (RAM) and indicate 
operation code error. 


= Execute undefined operation code. 


0 
--| Test if trap interrupts are generated. 
1>2,P7DTR --| Turn on LED2 to indicate operation 
code error generation. 


-| Test if SW2 is OFF. 


4 Test if SW2 is ON. 


Turn off LED2. 
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Program Module Name: DETECT ADDRESS -MCU/MPU; HD6301Y0/ : Label: FSADDR 
ERROR HD6303Y 


Function: 


When SW3 is ON, jump to address for I/O ports and generate address error. 
If address error is detected, turn on LED3. When SW3 is turned OFF, turn off LED3. 


Arguments: Changes in CPU Specifications: 


storage Registers and Flags: 


Location 
ACCD 7 
ACCA ACCB ROM (Bytes): 30 


Entry —_—-— RAM (Bytes): 1 


Contents 


Stack (Bytes): QO 
No. of cycles: 78 
-Reentrant: No 
Relocatable: No. 


Interrupt OK?: Yes 
Re- Error 
turns mode 


Not affected 
Undefined 
Result 





Description: 


1. Function Details 


Argument details Swe oe i 


TRMD (RAM) : Contains data indicating 


ON 
address error. LED8 OFF —{ Lr 


Example of FSADDR execution i Address error 
shown in figure 15-7. When generation 
address error is generated, 

turn on LED3. 


Figure 15-7. Example of FSADDR 
Execution 


Specifications Notes: 
"No. of cycles" in "Specifications" indicates the number of cycles required 
when address error is generated. 
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Program Module Name: DETECT ADDRESS 


MCU/MPU: HD6301Y0/ Label: FSADDR 


HD6303Y 


ERROR 





Description: 
c. FSADDR calls an other program module as shown in Table 15-5. 


Table 15-5. Program Module Called in FSADDR 


Program Module Name Label Functions 
RETURN FROM ERROR FSADDR Return from operation code error or 
BY TRAP address error. 





2. User Notes 
Use SW3 independently of other switches. 
3. RAM Allocation 


Label _ RAM Description 


b7 bO 
TRMD [sd } Data indicating address error. 


4. Sample Application 


| JSR FSADDR | So = Call FSADDR. 


5. Basic Operation 
a. When SW3 is ON, execute operations as follows; 
i. Store "1" in TRMD(RAM) to indicate address error. 
ii. Execute "JMP 3" to jump to port 3 data register. 
iii. Turn on LED3 after returning from trap interrupts. 


b. When SW3 is turned OFF, turn off LED3. 
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Program Module Name: DETECT ADDRESS MCU/MPU: HD6301Y0/ Label: 


ERROR |  HDG6303Y 





Flowchart: 


FSADDR 


FSADDR 












) ----| Test if SW3 is ON. 


(2,P5DTR) =0 


ee, Store "1" in TRMD (RAM) and 
indicate address error. 


----4 Jump to address $3. 


sae eee if trap interrupts are 
generated. 


1+ 83, P7DTR 


FSADR2 


Kram => | Test if SW3 is OFF. 


(2,P5DTR) 


Gass | Turn on LED3 to indicate address 
error generation. 






FSADR8 


0-3,P7DTR 


FSADR4 


--{ Turn off LED3. 
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FSADDR 


Program Module Name: RETURN FROM MCU/MPU: HD6301Y0/ Label: FSTRP 
ERROR BY TRAP HD6303Y 





Function: 


When operation code error or address error is generated, return to the program 


where interrupts are generated by controlling the program counter. 


Arguments: Changes in CPU Specifications: 


Storage No. of Registers and Flags: 


Contents Location Bytes 


ACCD as 
ACCA ACCB ROM (Bytes): 30 
Entry Error Mode TRMD l euasiea 

(RAM) RAM 
Stack (Bytes): 0 
No. of cycles: 45 
Reentrant: No 
Relocatable: No 


Interrupt OK?: No 


Not affected 
Undefined 
Result 
Description: 
1. Function Details 
Argument details 


TRMD (RAM): Holds data indicating what error is generated. 
Table 15-6 shows flag functions. 


Example of FSTRP execution is shown in figure 15-8. If entry 
argument is as shown in part (1) of figure 15-8, data for program 
counter in stack area is changed as shown in part (2) of figure 15-8. 


Specifications Notes: 


"No of cycles" in "Specifications" indicates the number of cycles 
required when operation code error is generated. 
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Program Module Name: RETURN FROM 


MCU/MPU: HD6301Y0/ Label: FSTRP 
ERROR BY TRAP 


AD6303Y 





Description: 


Table 15-6. Flag Functions 





Label bit 0 Function 
TRMD 0 Execute routine for operation code error 
generation. 
1 Execute routine for address error generation. 
@ Entry b7 bO 
steak) ee, EE eIEeIe rs 
(RAM) -Operation code 


error routine (=0) 
*Address error 
routine (=1) 


Address TRMD = 0 TRMD=1 


serps] [o 73” 
stack} sre[_r +0 | [oo 
area) srp[_o +0 | [oo 

srol oo | Lo. 


@ Result i} { 


serfs a 
stack | sre[ Fo | 
seclo to] [eto 


Figure 15-8. Example of FSTRP Execution 


2. User Notes 
Execute FSTRP with routines beginning of labels FSOP or FSADDR. 
3. RAM Allocation — 


Label RAM Description 
b7 bO 


Data indicating operation code error or 
TRMD 
| address error. | 
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Program Module Name: RETURN FROM 


MCU/MPU: HD6301Y0/ Label: FSTRP 
ERROR BY TRAP 


HD6 30 3Y 





Description: 


4. Sample Application 


| JSR FSADDR | = S=—= Call FSADDR. 


5. Basic Operation 


a. Depending on data in TRMD(RAM), either an operation code error or 
address error has occurred. 


b. In the case of an operation code error, add "1" to the program counter 
saved on the stack, and execute the program from the instruction 
address following that where the operation code error was generated. 


c. In the case of an address error, change data in the stack area to 
execute the program from the label "FSADR1L" in routine FSADDR. 
An address error is generated when "JMP 3" is executed and the program 
attempts to execute address $3. 
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MCU/MPU: HD6301Y0/ 
HD6 30 3Y 


Program Module Name: RETURN FROM 





Label: FSTRP 


ERROR BY TRAP 












Flowchart: 
FSTRP 
FSTRP 
(SP)-IX 
____} Load contents of stack pointer 
into ACCD. 
(IX }ACCD 
(ACCD) +5—+ACCD 
____}| Calculate address of program 
: counter in stack area. 
— CACCD) 1X 
(TRMD)=1 ____| Test whether the error is operation 
| code error or address error. 
(TRMD) =0 
i-TRMD | ----- Deco ee eae 
operation code error routine. 
(IX)-ACCD | 
----4 Add "1" to data in program counter. 
CACCD) +1—ACCD 
FSTRP1 


0-T RMD a mai TRMD (RAM) to indicate address 
error routine. 
FSADR1—-ACCD 


----| toad return address into ACCA. 


FSTRP 2 
into stack 
(ACCD)—~( 1X) ____]| Load return address into sta 
area. 
R T I 
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15.4 SUBROUTINE DESCRIPTION 


This application example calls no Subroutines. 


00001 
00002 
00003 
O0004A 
00005 
OO006A 
00007A 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
Q0015 
00016 
00017 
00018 
00019 
00020 
00021A 
00022 
00023A 
00024A 
00025A 
O0026A 
Q0027A 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038A 
00039A 
Q00040A 
00041A 
00042A 
00043A 
00044A 
00045A 
00046A 
00047A 
00048A 
00049A 
OOOSOA 
OOOS1A 
00052A 
OO0S3A 
Q00S4A 
OOOSSA 
OO0S6A 
000S7A 


0040 


0040 
0042 


CO0O 


COQ0O 
C003 
COOS 
COO? 
CQ09 


COOB 
COOE 
C010 
CO13 
C016 
CQ19 
COQ1C 
CO1F 
CO21 
C024 
C026 
C029 
CO2B 
CO2E 
CO2F 
CO31 
CQ33 
CO35 
CO37 
CO39 


BE 
8D 
8D 
8D 
20 


15.5 PROGRAM LISTING 


0002 
0001 


DD 


0018 
0014 
0015 
0020 


DDPrDYD 


O1l13F A 
06 COOB 
43 CO4A 
SA C063 
F8 C003 


* 
>K >K KOK 
* 


*K 
CMRAM 
TRMD 
* 
HHO OK 
*K 
P?DTR 
RPSCR 
PSDTR 
PSDDR 


RAM ALLOCATION 


ORG 


RMB 
RMB 


SYMBOL 


EQU 
EQU 
EQU 
EQU 


OKO OOROKOK OKO OIOHOR OK OKOHOK HOOK HOR HOH OK 


$40 

2 Data for comparing 

| Error mode 

DEFINITION FORK OO HOIHOR HONOR OK HOR OK OK 

$18 Port 7? data register 

$14 RAM/PORTS control register 

$15 Port S data register 

$20 Port S data direction register 


OK KOK HOOK KOK MOK OK HOOK KK OK HOH OK OK MOK OK OK HOOK HOHOK HOOK He COKE OK HC HOOK KC 2 OK 


* 
*K 
* 


MAIN PROGRAM 


* 


FSMN * 


*K 


OROK OK OK OHO OK OK ORO ORO ORO OKOK KK AMOR OK OK AC NOR ORO OK OOK HOR KOK HK HOOK HOK 


*K 


*K 
FSMN 
FSMN1 


ORG 


LDS 
BSR 
BSR 
BSR 
BRA 


$COQ00 


HS13F 
FSWD 
F SOP 
F SADDR 
FSMN1 


Initialize stack pointer 
Check watchdog timer error 
Check operation error 
Check address error 


ORK SOR OK AOR OK KOKO OK OK HOOK OKO ORO KOK ORK OR OK OK OIOK ACIOK 4K HOR ROK AOHOK A KK HOOK 


* 


* NAME 


* 


4 


FSWD (DETECT WATCHDOG TIMER ERROR) * 


Da 


SOR OOK OOK ROK OK OK HOR OK HOR OK OR OK HOR HOR HOR HOOF OR MOK HOI HOR IK OHO HOK HOH OK ACK 


x 
*K 
*K 
*K 


FSWD 


FSWD1 


FSWO2 
FSWD3 
FSWD4 


Kk 


ENTRY NOTHING “k 
RETURNS : NOTHING x 
*K 
MORK ORO OIOR OK IOTOR HOR HOR ORO OK OOK KOK KOK HOOK OK OK KOK OK HOOK HOOK KOK HOOK HC 
BTST O,.PSDOTR Test if SW1=ON 
BEQ FSWO4 Branch if SW1=O0N 
BCLR 1.P7D0TR Turn off LED] 
CLR CMRAM Clear CMRAM 
CLR CMRAM+1 
LOD H$682 Execute 10 ms software timer 
SUBD H1 
BNE FSWD1 
BTST O.,P70TR Test if P70 = 1 
BEQ FSWD2 Branch if P70 = 0 
BCLR O.P7D0TR Output Low to P70 
BRA FSWD3 
BSET O,P70TR Output High to P70 
RTS 
LDAA #$5S Test if CMRAM=$5S5 
CMPA CMRAM 
BNE FSWDS Branch if not equal 
LDAA HSAA Test if CMRAM+1=SAA 
CMPA CMRAM+1 
BNE FSWDS Branch if not equal 
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O00S8A CO0O3B 72 02 18 BSET 1,.P70TR Turn on LEDI 


OO00S9A CO3ZE 20 EE COZE BRA FSWO3 

OOO60A C040 86 SS A FSWDS LDAA #$S5 Initialize CMRAM: CMRAM+1 

00061A C042 97 40 A STAA CMRAM : 

00062A C044 86 AA A LDAA HSAA 

00063A C046 97 41 A STAA CMRAM+1 

00064A C048 20 FE C048 FSWD6 BRA FSWD6 

0006S SOOO OOOO OK ORO OOOO OOO OOK ORK TORK ORK KKK 

00066 * * 

00067 * NAME : FSOP CDETECT OPERATION CODE ERROR) »x 

00068 | Ok XK 

00069 FOOOIOOOOIOOOOOIOK OROIIOROOIOIOROOR KIO IOI OOK IO OO KOK KOK OK 

00070 * * 

00071 * ENTRY > NOTHING * 

00072 >» RETURNS : TRMD CERROR MODE) . * 

00073 * | * 

00074 FORO OOO OOOO OOOO OOOO OOK OK OI KK IKK KOK KOK 

0007SA CO4A 7B O02 15 F SOP BIST 1,PSOTR Test if SW2=O0N 

OO076A CO4D 26 10 COSF BNE FSOP2 Branch if SW2=O0N 

OOO77A CO4F 7F 0042 A CLR TRMD Clear TRMD 

00078A COS2 87 A FCB $87 Execut undefined op-code 

00079A COS3 96 42 A LDAA TRMD Test if TRMD=17 

OO0080A COSS 27 03 COSA BEQ FSOP1 Branch if TRMD=O 

00081A COS? 72 04 18  BSET 2,P70TR Turn on LED2 

00082A COSA 7B 02 15 FSOP1 8TST 1,.PSOTR Test if SW2=OFF 

00083A COSD 27 03 C062 BEQ FSOP3 Branch if SW2=OFF 

00084A COSF 71 FB 18 FSOP2 BCLR 2,P?7DTR Turn off LED2 

O008SA C062 39 FSOP3 RTS 

00086 FORO OOO OOOO OOO OOOO OOOO OOO IOK I OIOKK K 

00087 * * 

00088 ; x NAME : FSADDR (DETECT ADDRESS ERROR) > 

00089 *K * 

00090 SOROIOIOIOICOR I IOOK AOOROOOOIORO OOO IO OOO IO OR OK KKK HOK 
~ 00091 * 

00092 | * ENTRY > NOTHING >K 

00093 * RETURNS : TRMOD CERROR MODE) * 

00094 * | K 

00095 ROKOROIOIOOIOIOIOROK OR OK OOK OR OK OR IOI OR HOR HOI OK YOK OK KOK KK KK I OKOK OK OK 

00096A C063 7B 04 15 FSADDR BTST 2,.PSDTR Test if SW3=O0N 

00097A C066 26 13 CO7B BNE FSADR3 Branch if SW3=O0ON 

00098A C068 86 O01 A LDOAA H1 Store 1 in TRMD 

000998 CO6A 97 42 A STAA TRMD 

00100A CO6C 7E 0003 A JMP 3 Execute address error mode 

00101A CO6F 96 42 A LDAA TRMD Test if TRMD=07 

00102A CO71 26 03 C076 BNE FSADR2 Branch if TRMD=L 


00103A CO?73 72 08 18 FSADR1 BSET 3,P?70TR Turn on LEDS 
00104A CO?76 7B 04 15 FSADR2Z BIST 2,PSDTR Test if SW3=O0FF 


00105A C079 26 03 CO7E BNE  FSADR4 Branch if SW3=ON 

00106A CO7B 71 F?7 18 FSADR3 BCLR 3,P70TR Turn off LEDS 

00107A CO7E 39 FSADR4 RTS 

00108 FOO OOO OOOO OR IO OOIOIORO OOOO ORO OOO OK IORI HOR IOK K 

00109 XK | > 

00110 * NAME : FSTRP CRETURN FROM ERROR BY TRAP) x 

00111 - 

00112 FOO OIOOIOIORIORIORIOIO IO ORO IK OOOO KIO IOK RK OK HOK KHOK 

00113 ok | OK 

00114 . ENTRY : TRMD (ERROR MODE) . 
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00115 * RETURNS : NOTHING * 





00116 * * 
00117 ROROOROIOOIOROOK OOO OOOO OOOO OK IOK HOR KOK OK HOK HOH OK OK 
00118A CO?F 30 FSTRP TSX Load stack pointer into ACCD 
00119A CO80 18 XGDX 
00120A C081 C3 0005 A ADDD HES Calcurate program counter 
00121A C084 18 XGDX 
00122A CO8S 96 42 A LDAA TRMD Test if op-code or address error? 
00123A COB? 26 OB C094 BNE FSTRP1 Branch if address error 
00124A CO89 86 O01 A LDAA H1 Store 1 in TRMO 
0012SA CO8B 97 42 A STAA TRMD 
00126A CO8D EC O00 A LOD 0.X Increment program counter 
00127A CO8F C3 0001 A ADDD #1 
00128A C092 20 06 CO9A BRA FSTRP2 
00129A CO94 7F 0042 A FSTRP1 CLR TRMO Clear TRMOD 
00130A C097? FC CO73 A LOD FSADRI 
00131A CO9A ED ON A FSTRP2 STO 0.x Store program counter 
00132A CO9C 3B RTI 
00133 FOROOIORO OOO OOOO OOOO OOOO OR IO OO IORI OOK KOK OK 
00134 * * 
00135 * VECTOR ADDRESSES * 
00136 x * 
00137 | FOROIOROOO OOOO OOOO OOOO ORR OK IORI OOOO KKK OK 
00138 * 
00139A FFEA ORG SFFEA 
00140 * 
00141A FFEA cCoQo0 A FOB FSMN IRG2 
00142A FFEC COOO A FDB FSMN CMI 
00143A FFEE CO?7F A FOB FSTRP TRAP 
00144A FFFO Ca0o0 A FDB SMN Si0 
0014SA FFF2 CoO0O A FDB FSMN TOI 
00146A FFF4 COOQ A FDB FSMN OcrI 
00147A FFF6 COOO A FDB FSMN IcI 
00148A FFF8 COO0O0 A FDB FSMN IRO1/ISF 
00149A FFFA COOO A FOB FSMN SWI 
001SOA FFFC COOO A FDB FSMN NMI 
00151A FFFE COoOoO A FOB FSMN RES 
00152 * 
00153 END 
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FOREWORD 


The HD6301 series is composed of 8-bit single chip CMOS microprogrammed microcontrollers. 
The HD6301 series provides pipeline Control, halt, and memory-ready functions for processing data. 
This apprication note contains C language programs which are described using application functions 
routines as examples. In general, it is difficult to write a program in a high-level language like C 
which carries out low level functions, such as controling ports, timer interrupts, etc. 

However, this application note's program have been written in C, using mainly the hardware control 
functions listed above, and have been written to help users design hardware systems, employing 
specific circuit diagrams, timing charts and program modules. 

This application note also contains assembly language program descriptions, with functions 
equivalent to the C language programs. 

Please use these descriptions to compare the two languages. 


Caution: 
Test the application examples, in this application note for proper results before 


incorporating them into production operations systems. 
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SECTION 1. HOW TO USE APPLICATION NOTES 


This chapter describes the configuration for all system application examples in this application note. 


Each application example in this application note is divided into 5 sections, as shown in Figure 1-1. 









RRR ARAB RARARARARRARAHRAAAKRARAARARAARAKRARARKRHAAAARAKRAKRAARERAAKRAKRAKRAKRARALRAHKARAKRHAKRA RAR RAED 


Hardware ———————-_ Hardware Description Function 

Microcontroller Applications 
Circuit Diagram 

Memory Map 

Pin Functions 

Hardware Operation 


TTD DTDV VSD BWV VBPwWDBSPVBwsVsVsVvsswVyVsVssswywsvvsseywvvywwsys 


eee 


PPLE PPP PP FPP PF LRP OLS 


Perr rercrrerocercerrecorrececce? 


RBABABBABAR DVRBBABABRABRAD SVABKBABDABREAD BVBARBBBABRABABDED BBRBRABRBWBABRADE ~wABRBR AH BBQBWABRBWABABABABABDANYD BVBBABWUABREBRY 


Software Description Program Module 
Configuration 
Program Module 
Functions 
Program Module Sample 


Application (MAIN PROGRAM) 


HURT VDT TDVUETBDSBPVSSBVsVwenBsveyvssywsvs_sswvevwseswy 


ee 





Software 


PPP PPP PPPS PPP PF SL PL OF 
PLE LOL ECL EL CLE PEC FLELE 

















Program Module——— Program Module Function 
Description Arguments 
Libraries Required for 
Program Execution 
Specifications 
Description Function 
Notes Details 3 
, UserNotes : 
Variable 
PAD Descriptions : 
: FLOWCHART Sample 5; 
Application : 
: Basic 
Operation : 

Subroutine : Subroutine 
Description Function 
L~ Basic Operation 
Pad Flowchart 
URED UN DSH DV VVHVSHVVVVVVVVVWS ee ee eee 

Program Listing : Program Listing Main Program Listing 
C Source Listing 
Output Object Listing of C Compiler 
: Linkage Listing 





Figure 1-1. Application Example Configuration 


© HITACHI 
1105 


1. Hardware 
Describes the function, circuit diagram, and hardware operation of the HD6301 hardware 
example. 


2. Software | 
Describes the program module which controls the hardware in the hardware section example and 
shows the main program using all program modules. 


3. Program Module 
Describes the program modules presented in the software section in detail program written in 
modular format allow more efficient system use. 


4. Subroutine 
Describes the subroutines used in the above program modules. 


Refer to this section when necessary while using the program modules. 


5. Program Listing 
Presents the sample application program listings for the above modules. 


A detailed explanation of all five sections follows. 
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1.1 Hardware Section 
1.1.1 Function 
"Function" describes system specifications for the hardware used in the particular application (figure 


1-2). 


4.1.1 Function 


The external expansion application controls external memory and peripheral LSIs using the 
HD6301 YO. It uses the HD6350 (ACIA) as an asynchronous serial interface with a console 
typewriter, It also controls a liquid crystal module H2571 and displays console typewriter input 


characters using the HD6321 (PIA). 





Figure 1-2. Function Section 
1.1.2 Microcontroller Applications 


"Microcontroller Applications" describe the functions of the microcontroller, in the particular 
application (figure 1-3). 


4.1.2 Microcontroller Applications 


This application interfaces with external LSIs through an address bus, data bus, and control signals 
(R/W and E) using the HD6301Y0 external expansion function. 





Figure 1-3. Microcontroller Applications 
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1.1.3 Circuit Diagram 


"Circuit Diagram " shows the circuit diagram for the hardware specified above (figure 1-4). 
Note: All the microcontrollers described in the application note use plastic DIPs. 


4.1.3 Circuit Diagram 


Figure 4-1 is the application circuit diagram. 
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Figure 4-1. External Expansion Circuit Diagram 





Figure 1-4. Circuit Diagram Section 
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1.1.4 Memory Map 


Describes address decoding and system memory map for the application system (figure 1-5). (used in 
Section 4, "External Expansion" only.) 


4.1.4. Memory Map 


Memories and peripheral LSIs are allocated in external address space using an address decoder 
(HD74HC138). 


Address lines A13, Al4 and A15 are connected to pins A, B and C of the HD74HC138. 
Address space $8000-$FFFF is divided into 8k-byte units. Table 4-1 shows the system address 
decoding. 


Table 4-1. System Address Decoding 


HD74HC138 
Input utput 


Gl G2AG2BC 44q—77 ¥4 YS Y6 Y7 A aaress Allocation 


HH 8000-$9FFE RAM 
H _H_ _$A000-SBFFF PIA 
LH COQ00-$3DFFF ACIA 
HL $EQ00 -SFFEF ROM 


Figure 4-2 shows system memory map. 


/O Ports 


TIMER HD6301X0 internal register and 
SCI internal address space. 


Not Used 


RAM 
(192 Bytes) 


Not Used 


Sal DDRA/PORTA] $A000 
meee $A001 
( ) DDRB/PORTB]| $A002 


| CRB} «$A003 
PIA 
(HD6321) Not Used $BFFF 


ACIA CTRUSTS | $C000 
(HD6350) $C001 


EPROM Not Used 
(HN27C64) $OFFF 


Figure 4-2, System Memory Map 





Figure 1-5. Memory Map Section 
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1.1.5 Pin Functions 


\ A table describes the pin functions for interfacing with external circuits (figure 1-6). 


2.1.4 Pin Functions 


Table 2-1 shows the pin functions at the interface between the HD6301X0 and an 8-digit x 8-segment 
LED. 


Table 2-1. Pin Functions 


Pin Name ; Functi Pin namej Program 
(HD6301X0) Rance: (LED) | Label 


[peo | Ouper | ign | Ourpus digirdaa 
8-digit x 8-segmentLED. | DIG2 | 
a 
os 
[P64 Oupur [High a 
ar 
| P66 | Output_| High | a 


[per | ouput_| High] = 
P Bid, | Ompin | w | Onpesmeemen cam 

Sag x Boge 2D, 
ee oe bre 
ei | oat || tow 

[ris oupa [ tow ] am 


“a 
Segment Pattern 


°" Active level” in table 1 indicates the following: 
High : logical 1 
Low : logical 0 
_ : logical 1 or logical 0 





Figure 1-6. Pin Functions Section 
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1.1.6 Hardware Operation 


Timing charts describe hardware operations required to control external circuits (figure 1-7). 


4.1.5 Hardware Operation 


Figure 4-3 shows the interface timing chart for the HD6301 YO and external memory (HN27C64, 
HM6117). 


HD6301Y0 ADDRESS 


HN27C64 


Address delay time 
: Data set-up time 

HD6301Y0 Data hold time 
Data delay time 
CE Output delay time 
OE Outout delay time 
Access time 
Data output hold time - 
Address access time 
CE, CE2 Output delay time 
HM6117 . Write pulse width 

Input data set time 

Input data hold time 


HN27C64 


Figure 4-3. Interface Timing Chart for HD6301Y0 and External Memory 





Figure 1-7. Hardware Operation 


© HITACHI 
1111 


1.2 Software Section 
1.2.1 Program Module Configuration 


"Program Module Configuration" describes the program modules for controlling the hardware 
specified in the hardware section (figure 1-8). Each module in the program module configuration 
figure has module number (1-N) in the upper right hardcorner. The module number of the main 


assembly language program is 0. 


4.2.1 Program Module Configuration 
Figure 4-4 shows the program module configuration which displays data input from a console 


typewriter, using the circuit in Figure 4-1. 


Main program 
(Assembler 
language) 


EXPINP expin main 


. 5 3 
Interrupt Lot Initialization Bi Data Ey 
reception processing 


expout 


Receive LCD-II Display Send data 
data ep Character 


Figure 4-4. Program Module Configuration 


Refer to Section 4.3 "Program Module Description" discusses these modules for details. 





Figure 1-8. Program Module Configuration Section 
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1.2.2 Program Module Functions 


"Program Module Functions" explains the functions of each program module presented in the 
program module configuration. "No." in the table matches the module number in the program module 


configuration (figure 1-9). 


4.2.2 Program Module Functions 


Table 4-2 summaries the program module functions. 


Table 4-2. Program Module Functions 


Program Module Library 
No. Name Function Function Language 


0 Main program EXPMN Initializes instructions, such as ORG, ASM 
LDS, and CLI, which do not exist in C. 
Calls expin function and main function 


Interrupt Receives and processes IRQ interrupt 
reception 


Initialization Initializes global variables, tA, ACIA, C 
and LCD-I 


Data processing Displays key data, input from console C 
typewriter, on liquid crystal display (H2571) 
and prints the data on the console typewriter 


Receive data expip Receives key data from the console C 
typewriter through an IRQ interrupt 


LCD-I/ initialization expint Initializes LCD-I 


Display Character  expdsp Displays characters on LCD 


Send data expout Sends data to console typewriter 


Note: C: C Language Program 
ASM: Assembly Language Program 





Figure 1-9. Program Module Functions Section 


\ 
\ 
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1.2.3 Program Module Sample Application (Main Program) 


"Program Module Sample Application (Main Program)" explains a sample program in flowchart 
format using the program module described in the program module configuration (figure 1-10). 


4.2.3 Program Module Sample Application (Main Program) 


The flowchart in Figure 4-5 is an example of the execution sequence of the program module in Figure 
4-4 when it displays key data input from a console typewriter on a liquid crystal display and prints the 
data on the console typewriter. 


Initialize PIA, ACIA, LCD-II, and 
global variables 


Enable interrupt 


After converting the key data input from the 
console typewriter into ASCII code, 

display the result on the liquid crystal 
display (H2571) and print the result on 

the console typewriter 


EXPINP IRQ interrupt routine 


Execute ‘expip’ to receive data from the 
console typewriter and store it in 
global variable 'keydat' 


Figure 4-5. Program Module Flowchart 





Figure 1-10. Program Module Sample Application (Main Program) 
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Further figures described the flow of program modules shown in general flowchart of main program 
(figure 1-11). 


Figure 4-6 shows the execution sequence of C language program ‘expin'. In 'expin', key data input 
from console typewriter is displayed on the liquid crystal display (H2571) and printed on the console 
typewriter. 


Store function data in 
Clear global variable (0) entry argument func 
0x 30 —® furc 


Select DDRA of PIA Store entry mode data 
0 x 00 —® *CRA in entry argument 
entry 
0x 06 —® enty 


Select part A of PIA 
as output 
0 x ff —®* CRA 


expint function 


Select port A register 
0 x 04 —®*CRA 


Set H2571 control 


signal 
0 x 02 —® * PIRA Master reset ACIA 
0 x 97 —®+CR 


Select DDR B of PIA 
0 x 00-—®* CRB Initialize ACIA 
0x 9 —® *CR 
1 start bit + 8 bits ; 
data + 1 stop bit, 16 
Select port B of PIA RTS +0, TIE =0, RIE =1 
as output 
0 x ff —®* DDRB 


Select port 5 bit 0 
ee as IRQ pin 
0 x 7d —® * PSCR 


Figure 4-6. Program Module Flowchart 





Figure 1-11. Sample Application (Other Routines) 
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1.3 Program Module Section 


The program module detailed description format is shown in figure 1-12. 


Library Function: 


PAD 


Library Function: 


Description 


Library Function: 


SS SA 


Function 


Arguments 


Contents — Storage Location No. of Bytes 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31. LIB. OBJ Not required 


Run-Time Routine C31RUN. OBJ Required 
C31RUNF. OBJ Not required 


Specifications 
ROM (bytes): 
RAM (bytes): 
Stack (bytes): 

No of cycles: 
Reentrant: 
Relocatable: 


Intermuptible: 


Note: 
Description 
Function Details 
Argument Details: 


Example: 





Figure 1-12. Program Module Format 
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1.3.1 Page Heading 


Each page in this section is headed by the program modules name and the library function by which it 
is called (figure 1-12). 


1.3.2 Function 


"Function" describes the program module functions (figure 1-13). 


Function 


The receive data module receives data from console typewriter and stores key data in global variable 
'keydat’. 


Figure 1-13. Function Section 
1.3.3 Arguments 


"Arguments" describe both entry and return arguments for the program module (figure 1-14). 
¢ Contents: The contens of the arguments. 

¢ Storage location: Location of arguments (global variables). 

¢ No. of bytes: The argument length. 


Contents Storage Location No. of Bytes 


Entry — 


Returns __ Received data keydat 
(ASCII code) (global variable) 


Received data flag keydrf 
(global variable) | 





Figure 1-14. Arguments Section 
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1.3.4 Libraries Required for Program Execution 


"Libraries Required for Program Execution" describes the libraries which must be linked for the 


program to execute (figure 1-15). 


Standard Library Functions (C31LIB. OBJ): Prior to using a program, the library functions and the 
subroutines used by the library functions must be linked. The library functions are stored in 
"C31LIB, OBJ". 
Run-Time Routines (C31RUN. OBJ, C31 RUNF. OBJ): Run-time routines are called from the object 
programs, generated by the compiler, during execution. 
The following two files are supplied: 

¢ C31RUN. OBJ 

« C31RUNF. OBJ 


Link "C31RUN. OBJ" when only integers are used in the module or "C31 RUNF. OBJ" when 
integers and floating point numbers are used. These files should not both be linked. | 


The module in this example does not use the 
standard library functions. 

C31LIB. OBJ should not be linked, 

but run-time routine, C31RUN. OBJ 

should be linked, since it uses only integers. 


| Library Required/Not Required 


Standard Library Function C31LIB. OBJ Not required 


Run-Time Routine | C31RUN. OBJ Required 
C31RUNF. OBJ Not required 





Figure 1-15. Libraries Required for Program Execution Section 
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1.3.5 Specifications 
"Specifications" describes the program module specifications as follows (figure 1-16): 


¢ ROM (bytes): Amount of ROM used by thr program module. 

¢ RAM (bytes): Amount of RAM used by the program module. RAM used for stack is not included. 

¢ Stack (bytes): Size of the stack used by the program module. The stack area used by a subroutine 
called from a user program is not included. When a program module is executed, memory for the 
stack must be reserved in RAM. 

¢ No. of cycles: Maximum number of execution cycles required by the program module, calculated 
as follows: 
Execution time (s) = Number of cycles x Cycle time 
Cycle time (s) = 4/(External oscillator (Hz)) 

¢ Reentrant: Indicates whether a program module has a structure which can be called from two or 
more routines at the same time. 

¢ Relocatable: Indicates whether a program module can be located in any memory space. 

¢ Interruptible: Indicates whether the CPU will continue with normal execution after servicing an 
interrupt routine. If not, inhibit interrupts before and after the program module is called. 


Specifications 


ROM (bytes): 

RAM (bytes): 4 

Stack (bytes): 0 

No of cycles: 63 (Note) 
Reentrant: 

Relocatable: 

Interruptible: 


Note: Ox indicates a hexadecimal number in C. 





Figure 1-16. Specifications Section 
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1.3.6 Description 


"Description" described the functions of the program module in detail and the precautions to follow 
(figure 1-17). 

Function Details: "Function Details" gives an execution example and detailed functions of the program 
module. | | 

User Notes: "User Notes" explains notes and limitations on executing the program module. 


Be sure to read these notes when using the program modules. 


Argument details: Global variable ‘keydat' contains 1-byte of key data (ASCII) from the console 
typewriter. Global variable 'keydrf is a flag indicating that data has been received. Table 4-3 shows 


flag functions. 
Example: Figure 4-8 shows an example of program module ‘expip' execution. If key "a" on the 


console typewriter is pressed as shown in © , the received data is put in the key data buffer and oxff 


is stored in 'keydrf' as shown in Q. 


[a] —» ox 61 


G) Entry 


a: press 

bi5 _keydat bo 
Global variable ‘keydat' 
1 byte data 


(‘a': 0x 61) 
Global variable ‘keydrf’ bi5__keydrf bo 


0 x ff 


Figure 4-8. Program Module expip Execution Example 
Table 4-3, Flag Functions 


Variable Name Flag Indicates 
Keydrf 0x00 No data has been received 


Oxff Data has been received and stored in buffer 


User Notes 


1. Initialize ACIA because ACIA is controlled by the microcontroller external extension. After 


initialization ACIA can receive data from the console typewriter. 


2. Clear bit I and enables interrupt for IRQ interrupt. 





Figure 1-17. Description Section 
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Variable Description: "Variable Description" explains the names and functions of the global 
variables used by the program module (figure 1-18). 


Variable Description 


The global variables are stored in static memory (figure 4-9). 


Variable name Description 


b1i5 
keydat 


keydrf 


} Contains key data buffer for received data 


} Contains received data flag 





Figure 4-9. Global Variable Storage 


Figure 1-18. Variable Description Section 


Sample Application: "Sample Application" gives an example of the program module execution 
(figure 1-19). 


Sample Application 


After ACIA is initialized and the interrupt is enabled, an IRQ, interrupt initiates program module 
‘expip’ execution (figure 4-10). 


Initialize ACIA 


Select bit 0 of port 5 as the IRQ, 
a interrupt pin 





Figure 4-10. Sample Application 


Figure 1-19. Sample Application Example 
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Basic Operation: "Basic Operation" explains the basic operation of the program module (figure 1- 
20). 


Basic Operation 


Figures 4-11 and 4-12 show ACIA control. Figure 4-11 shows ACIA initialization. Figure 4-12 
shows now received data is read after an interrupt. 
Note that this control method applies to the system in Figure 4-1 and memory map in Figure 4-2. 


[ ACIA Master reset 


Initialize ACIA 
0x % —® * CR (4800 bps, 1 start bit + 8 data bits + 1 stop bit, 
enables interrupt during data reception) 


Figure 4-11. ACIA Control (Initialization) 


Test bit 0 (RDRF) of status register to determine whether the 
ACIA has received data or not (RDRF = 1: data has been received). 


= 


Test if bit 
0 or status 
register 
(SR) is 1 


prohibit sending data from console 


[ Set signal RTS of ACIA to high to 
typewriter 


Read input data from received data 


= ROR keydat es 


Figure 4-12. ACIA Control (Receiving Serial Data) 


When data reception has been completed, set signal RTS to high to ses next data transfer. 
Finally, store received data from RDR of ACIA in key data buffer. 





Figure 1-20. Basic Operation Section 
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1.3.7 PAD 


"PAD" described program flow using a PAD diagram (figure 1-21). 


Test if data reception Set signal RTS to 
has been completed high 


(*SR&1) !=0) 0xd5 —® +*CR 


Store received data 
in key data buffer 
* RDR ——® keydat 


Set flag indicating 
data received 
Oxff ——®> keydr 


Set signal RTS to 
low 
0x95 <@— *CR 


Figure 4-13. Receive Data PAD 





Figure 1-21. PAD Section 
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1.4 Subroutine Section 


Figure 1-22 shows the subroutine format. This section describes the subroutines used by the program 


modules. 


Library Function: 


Function 
Basic Operation 


PAD 


Program Module That Uses This Function 





Figure 1-22. Subroutine Format 
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1.4.1 Page Heading 


Each page in this section is headed by the subroutines same and the library function by which it is 
called (figure 1-22). 


1.4.2 Function 


"Function" describes the subroutine functions (figure 1-23). 


Function 


The software timer subroutine times a 15 ms delay used in LCD-II initialization. 





Figure 1-23. Function Section 


1.4.3 Basic Operation 


“Basic Operation" describes the basic subroutine operations (figure 1-24). 


Basic Operation 


The software timer uses a register to calculate the delay. 





Figure 1-24. Basic Operation Section 
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1.4.4 Program Modules That Use This Function 


"Program Module That Use This Function" specifics which modules call this subroutine (figure 1- 
25). 


Program Module That Uses This Function 


The ‘expint' function uses the ‘expit’ subroutine. 





Figure 1-25. Program Modules That Use This Function Section 
1.4.5 PAD 


"PAD" describes the flow of the subroutine using a PAD (figure 1-26). 


#3—P ACCA 


(ACCA) = 0 i #15000 ——> IX 


al 


(ACCA) — 1 
— ACCA 





Figure 1-26. PAD Section 
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1.5 Program Listing Section 


The Main Program listing, C souce listing, C compiler object code listing, and Linkage listing are 


described as follows: 


1.5.1 Main Program Listing 


This listings begin with an assembly program listing of the main routine (figure 1-27). 


4.4.1 Main Program Listing 


e#* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 s«#e 


ERR SEQ LOC OBJECT 


PROGRAM 


00001 SOSHHHHHHHHHHOHEHSSEHOHSHHHHSEHHHHRERHHHENETEHHEGHEHEOHHEOHEEE DE 


00002 e 
00003 * 
00004 @) * 
00005 * 


MAIN PROGRAM : 


EXPMN * 


00006 SOSCHSHHSHEHEEHEHEEHESHSEHEHREHEEHEEEHOHHHHHHEHEHOEERECHEREEOE 


00007 

00008 (b) (9) 
00009 

00010P \ 
00011P OOFF A\EXPMN 
00012P 0000 A 


00013P (9) 
00014P 0000 A 


OPT 
XREF 
XDEF 
PSCT 
LDS 
JSR 
CLI 
JSR 


REL 
PSCT:MAIN,PSCT: EXPIP,PSCT:EXPIN 
EXPIT 


#SFF Set stack pointer 

EXPIN Initialize PIA, ACIA, and LCD-II 
Enable interrupt 

MAIN Branch to main routine 


Ooo1Ls SSSR HSSHSESHERHHHEHHSEHESEHESEHSEHEHSHESHHHEREREESESHEHEHREEH ES 


00016 . 
00017 (C)+. 
00018 


* 
00019 (d) SHRESEFSSHESESEHHSHHEE SESS SESE EHHEHHEEESCAHEHHEREREEH ERED ED 


A\EXPIT. LDAA 


00020P 03 


00021P 3A98 A EXPIT1 LDX 
00022P EXPIT2 DEX 


00023P FD OOOF 
00024P 
00025P F7 000C 
00026P 


BNE 
DECA 
BNE 
RTS 


NAME : EXPIT (INITIALIZE LCD-2) : 


e 


#3 Execute 15ms software timer 
#15000 


EXPIT2 
EXPIT1 


00027 SOSH SES ESHA SESS EARS REHEEEEREEEREREHEEHERHEDOEEO REED 


00028 + 
00029 * 
00030 if 


* 


NAME : EXPIP (RECEIVE DATA) * 


Sd 


ooo3al SHOP HHHHPHHHHEEEHSHEHESESEHHEHREEHHEEHOHHHHEEHEREEHRHHOERHEHEREO RS 


00032 . 
00033 
00034 
00035 
000386 (9g) . 


ENTRY : NOTHING 
RETURNS 


* 
: KEYDAT (RECEIVED DATA) * 
> KEYDRF (RECEIVED FLAG) * 

* 


00037 PSSSSSHHSHHEHRESEHHSHESHSHHRSEHHSHEHHSHEHEHHEHEERRH EHEC ARATE EEE 


00038P 0016 0000 A\EXPINP JSR 


00039P 0019 


RTI 


EXPIP Receive data from console 
Return from {interrupt 


00040 SHPO HESHSHHHEHHHH ESSERE HEEEEHHERESHSEHHEREHEREEHEREHRHEDEDEES 


00041 * 
00042 (e) 4 * 
00043 . 


VECTOR ADDRESS * 


* 


00044 SHSHRHHSSRSECHHHHHRHHSHHESHSESHHHHHHHHHHHERHEHHEHHRHHEEHOBEREDHE 


00045 r 
00046A FFEA 

00047 r 
00048A FFEA 0000 
00049A FFEC 0000 
OOOSOA FFEE 0000 
00051A FFFO 0000 
000S2A FFF2 0000 
QOOS3A FFF4 0000 
OO00S4A FFF6 0000 
OOOSSA FFF8 0016 
OOOS6A FFFA 0000 


uv Vv VUVU UU 


ORG 


FDB 
FDB 
FDB 
FDB 
FDB 
FDB 
FDB 
FDB 
FDB 


SFFEA 


EXPMN IRQ2 
EXPMN CMI 
EXPMN TRAP 
EXPMN SIO 
EXPMN TOI 
EXPMN oc! 
EXPMN ICI 
EXP INP IRQ1 
EXPMN SWI 


CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 «ee 


SEQ LOC OBJECT 


OOOSTA FFFC 0000 P 
O00058A FFFE 0000 P 
00059 
00060 

#eee TOTAL ERRORS 00000--00000 


PROGRAM 


FDB 


EXPMN 
EXPMN 





Figure 1-27. Main Program Listing 
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Figure 1-27 shows the following parts: 


(a) Main assembly program title 
The title "MAIN PROGRAM" is always used followed by the entry point label in parentheses 
(b) Entry point label | 
(c) Common subroutine title 
(d) Entry point label (library function) 
(e) The title is always "VECTOR ADDRESSES". 
(f) End of entire program can be moved if necessary. 
(g) Program module call. 


1.5.2 C Source Listing 


Program Symbol Definitions: The symbols used in a program module or common subroutine are 


defined as follows (figure 1-28): 


(a) The title is always "DECLARATION OF DEFINE". 
(b) Symbol definitions. 


~ 


i « / 
@){ /seeeeeeeeeeeseneeesDECLARATION OF DEFINEseee eee eee ee eee ee eeeeeeeeeteneeneeen / 

/* «/ 
(b) #define PSCR ((char*)0x14) Port5S control register +*/ 

#define DDRA ((char*)OxA000) Data direction register A(PIA) +#/ 

#define CRA ((char*)0xA001) Control register A(PIA) #/ 

#define DDRB ((char*)0xA002) Data direction register B(PIA) «#/ 

#define CRB ((char*#)0xA003) Control register B(PIA) #/ 

#define PIRA DDRA Peripheral register A(PIA) «/ 

#define PIRB DDRB Peripheral register B(PIA) #/ 

#define CR ((char*#)0xC000) Control register (ACIA) #*/ 

#define SR CR Status register (ACIA) +*/ 


#define RDR ((char*#)0OxC001) Receive data register (ACIA) #/ 
#define TDR RDR Transmit data register (ACIA) #/ 





Figure 1-28. Program Symbol Definitions 
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Declaration of Global Variables: Global variables used in program modules and common 


subroutines are defined as follows (figure 1-29): 


(a) 


(b) Declaration of global variables 


fa) { 


(b) 


/* 


The title is always "DECLARATION OF GLOBAL VARIABLES". 


*/ 


/eeeeenenneeeneneee DECLARATION OF GLOBAL VARIABLES +#seeete eee taeeeeeeeeeeneeaan / 


/* 

Static 
Static 
static 
Static 
static 
Static 
Static 


direct 
direct 
direct 
direct 
direct 
direct 
direct 


int outdat; /* 
int dspdat; /* 
int keydrf; /* 
int keydat; /* 
int tnent; /* 
int func; /* 
int entry; /* 


«/ 
Transmit data #/ 
Display data «/ 
Flag of receive data #/ 
Receive data «#/ 
Counter for initializing LCD-II #«/ 
Function data #/ 
Entry mode data +*/ 





Figure 1-29. Declaration of Global Variables 


C Language Module: The C language module listing is shown next. Figure 1-30 is an example of 


C the language main function routine: 


(a) 


(b) Library Function 


@) 


(b)_main() 
{ 


Main Function title 


[eee / 


/* 
/* 
/* 
/* 


MAIN ROUTINE 


: MAIN 


*/ 


(DISPLAY INPUT DATA FROM CONSOLE ON BOTH LCD-2 «#/ 


AND CONSOLE) */ 


*/ 


Ath dhetethhhed tkk hth thee ETT TTT TTT TTT TELE TTTLTTTTTt iy, 


/* Display input data from console on both LCD-II and console «/ 


while 


(1) -{ /* 


if (keydrf!=0) { /* 


if (keydat>='a' 
keydat-=0x20; /*» 
keydrf=0; /* 
#CR=0x95; /* 
outdat=dspdat=keydat; 
expout(); /* 
expdsp(); /* 


Continuous loop +«#/ 
Test if data is received #/ 


&& keydat<='z') 


Change lower case to upper #/ 
Clear flag of receive data +#/ 
Set RTS=low «#/ 

/* Set output data in area #/ 
Transmit data to console #/ 
Display characters on LCD-II #/ 





Figure 1-30. C Language Module 
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Program Module: The program module listing is divided into separate functions (figure 1-31): 


(a) Program module title 
(b) Library Function 


LO MHO SHORE HEOETEHHREEHEOEEHTH SEETHER ESOHOHOEHSOTHHO HEH HHHHEHHRECHRESEREHLOECeODES/ 


NAME : EXPIP (RECEIVE DATA) 


J EOSOEHEHH ROOK OOEHHHEREHOHEHEEOHEOHOHHOSHOVEH SEDO HEHELEOOEHHESEHEDEHECHAeeOREe/ 
/* 

/* ENTRY : NOTHING 

/* RETURNS : KEYDAT (RECEIVED DATA) 

/* : KEYDRF (RECEIVED FLAG) 

/* 


JPHOSHHERHSHERHEEHHHSOEHEHSEEHHEHEHHHHEHHHEHESESHHEHEEHECEHHESHHHREDREEHOeHHEL / 


(b) expip() 


if ((#SR&l)!=#0) { 7* Test if data is received «/ 
#CR=0xd5; /@ Set RTS#high #/ 
keydat = #RDR; /*® Set receive data «/ 
keydrf=#0xff; /* Oxff if receive data is set «/ 
#CR=0x95; 7* Set RTS=low #/ 





Figure 1-31. Program Module 


| 
Common Subroutine: Next, common subroutines used in the program module are listed (figure 1- 


32): 


(a) Subroutine title 
(b) Library Function 


/THHHHHHEHHMHEHHHHEHEHHHHHET HEHEHE EETHHHERESEO HEHEHE EHH RECE DERE HEHEHE eHeEEeE / 
/* 

/e NAME : EXPIN (INITIALIZE PIA,ACIA AND LCD-2) 

/* 
/HOHAHHHESHEHHEHHRHHHOHTEREEHHEHHEEHHHEHHHEHEHETH HEHE OHHH HR EEHH RHR EEE OEeE Eee / 


expin() 


outdat=dspdat=keydrf=«keydat=«tncent«funceentry=0; /* Initialize +#/ 
eCRA =0x00; /* Select data direction register A */ 
*DDRA=Oxff; Select port A as output «/ 

‘#CRA 20x04; Select peripheral register A #/ 
*PIRA=0x02; Set RS=0, R/W=1, E20 a/ 

«CRB =0x00; Select data direction register B «/ 
*DDRB=Oxff; Select port B as output «/ 

*CRB =0x04; Select peripheral register B «/ 
func=0x30; Set function data «/ 

entry=0x06; Set entry mode data #/ 

expint(); Initialize LCD-II «/ 

setins(0x0e); Set instruction to LCD-II «/ 
#CR#=0x97; Master reset of ACIA #/ 

#CR«0x95; Initialize ACIA «/ 

*#PSCR=Ox7d; Initialize port 5 «#/ 





Figure 1-32. Common Subroutines 
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1.5.3 Output Object Listing of C Compiler 
6301 C compiler outputs an object code listing in 6301 assembler language (figure 1-33): 
(a) Macro definition generated by the compiler 


(b) Global variable definition 
(c) Compilation result (assembly language output listing) of a C language source program 


eee CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 eee 


ERR SEQ LOC OBJECT PROGRAM EXPC 


00001, NAM —_EXPC 
00002 OPT = REL 
00003 MSEX MACR 

00004 CLRA 

00005 TSTB 

00006 BPL \.0 

00007 

00008 

00009 

00010 MLBRA MACR 

00011 JMP \O 

00012 ENDM 

00013 MLBSR_ MACR 

00014 JSR \0 

00015 ENDM 

00016 MLBEQ MACR 

00017 BNE \.0 

00018 JMP \O 

00019 \.0 EQU » 

00020 ENDM 


00061 MLBCS MACR 
00062 BCC \.0 
00063 JMP \O 
00064 \.0 EQU « 
00065 ENDM 
00066B BSCT 
00067B OUTDAT BSZ 
00068B BSCT 
00069B DSPDAT BSZ 
00070B BSCT 
00071B KEYDRF BSZ 
00072B BSCT 
00073B KEYDAT BSZ 
00074B BSCT 
00075B TNCNT BSZ 
00076B BSCT 
00077B FUNC  BSZ 
00078B BSCT 
00079B ENTRY BSZ 
00080P PSCT 
00081P BRA 
00082P .$A003 LDD 
00083P BEQ 
00084P LDX 
00085P CPX 
00086P BLT 
00087P LDX 
00088P CPX 
00089P BGT 
00090P LDD 


ANnNNaA1D cron 





Figure 1-33. Output Object Listing of C Compiler 
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1.5.4 Linkage Listing 


Linkage Command Listing: The linkage command listing is a sample command main assembly 
program and a C language sequence for linking and executing a program (figure 1-34): 


® Load relocatable object module for linkin g modules 

@ Divide into sections, taking the system memory map into consideration 
¢ STRP Program Section 
¢ STRB Base Section 
e STRD Data Section 

®@ Output map listing and symbol listing using OPT command 

® Input EXEC command to execute linkage editor 


#*## HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ### 
LOAD=B: EXPMN.OBJ,B:EXPC.OBJ,C31RUN.OBJ 
STRP=S$F000 
STRB=$60 


STRD=$40 





Figure 1-34. Linkage Command Listing 


Undefined Global Symbol Listing: The compiler outputs an undefined global symbol listing 
(figure 1-35): (If linkage command errors occor, an ERROR message is issued.) 


1) Undefined Symbol's name 

(2) Section containing undefined symbols 

(3) Undefined symbol relocatable object module name 
@ Total number of undefined symbols 


### HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ### 
### UNDEFINED SYMBOLS «##«# 
NAME @ SECTION @MODULE NAME © 


UNDEFINED SYMBOL = _1@ (Note) 





Figure 1-35. Undefined Global Symbol Listing 
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Map Listing: The map listing includes the following (figure 1-36): 


® Section Load map 


Prints the size of each section (number of bytes), starting address, ending address, and size 


of common section with name (number of bytes) 
@ Module load map 


Prints module name, load address of base section, data section, and program section for each 


module 
@ Common load map 


Prints name, section, size (number of bytes), starting address, and total number of common 


sections with names 


*## HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ### 
#*# MAP LIST «##«# 
*#* SECTION LOAD MAP @ 
SECTION SIZE START END COMMON-SIZE 
0016 FFEA FFFF 
0060 006D 0000 


0040 0043 0000 
FOO0O FT7D9 0000 


E 
## MODULE LOAD MAP @ 
NAME DSCT PSCT 
F000 
EXPC FOIA 
0040 F208 


## COMMON LOAD MAP © 
NAME SECTION SIZE START 
COMMON = 0 


Figure 1-36. Map Listing 
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Global Symbol Table Listing: Finally, the compiler prints global symbol names, global variable 
section address, symbol module, and total number of global symbols (figure 1-37): 


### HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##* 
### DEFINED SYMBOLS #+#-« 

NAME SECTION START MODULE NAME 
. $3DADD F7D9 
. $3DCMP F7D9 
. SDDEC F7D9 
.$DDIV F7D9 
.S$DINC F7D9 
. SDMOV F7D9 
. SDMUL F7D9 
. SDNEG F7D9 
. $DSTK F7D9 
- $DSUB F7D9 
. SDTOF F7D9 
.$DTOL F7D9 
. $SDTOL F7D9 
. $DTST F7D9 
. $3FDEC F7D9 
. $FINC F7D9 
. SFMOV F7D9 
.SFREG 0040 
. $FTOD F7D9 
.SFTST F7D9 
-S$IASL F27D 
-SIASR F292 
-SIDIV F23F 
. SIMOD F2BC 
. SIMUL F208 
. $ITOD F7D9 
-SITOL F51D 
. SLADD F32F 
. SLAND F432 
. $LBIT F600 
. SLCMP F4BF 
»$LCPL F501 
. $LDEC F54B 
.$LDIV F3E3 
. $LINC F53B 
. $LMOD F40A 
. SLMOV F30B 
. $SLMUL F361 
. $SLNEG F4EC 
.$LOR F44D 
. $SLSHL F483 
. SLSHR F4A1 
. $LSTK F55B 
. $3LSUB F348 | 
. $LTOD F7D9 
.$LTST F576 
. SLXOR F468 
..$SBIT F723 
.$SW1 F76B 
- $SW2 FT79A 
.SUDIV F25B 
. SULSR F2AT7 
. SUMOD F2EA 


. SUTOD F7D9 
. SUTOL F52E 
EXPBSY F16F 
EXPDSP F12B 
EXPIN F050 
EXPINS F1D7 
EXPINT FOF1 
EXPIP FOCO 
EXPIT FOOA 
EXPOUT F1SF 
MAIN FO4D 
SETINS F1FB 
DEFINED SYMBOL = 65 


Figure 1-37. Global Symbol Table Listing 
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1.6 Program Module Use 


This section explains the order in which the program modules described in the application note are 
executed. 

The program shown in figure 1-38, is an example of a C language program module being called from 
a main assembly language program and/or vice versa. 

If a user program uses an application note module, the user program should be called as shown in 
figure 1-38 or 1-39. 

Figure 1-38 shows an example of a user program (assembly language program) in which a C 
language module is used as a subroutine. In the C language module, an assembly language module is 
used as a subroutine. 


Assembly language program calling a C language module 


POPP PLP PL OP POP A 


C language module 
EXPINT 


LCD-Il 
Initialize 


expit( ); 


Call 
cal function. 


PPP P PPP PPP PAP PPPPP PPP PSP 


Software timer 


RETURN 


wrerrer 


wrrerrrrrCéeEer® 
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s 
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a) 
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Figure 1-38. Relation between User Program and C Language Module 
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User Program 


OPT 
XREF 
XDEF 
PSCT 
LDS 


REL 
PSCT: EXPINT 
EXPIT 


#$FF 


; JSR EXPINT / 
EXPIT 





(1) Initializes variable before executing 
EXPINT | 


(2) Calls EXPINT (C language module) 


(3) Calls EXPINT (Assembly language program) 
using the expint function for execution 
of EXPINT (C language module) 


Figure 1-39, Program Module Execution Example 


Figure 1-39 is an example of relocatable assembly language item initialization, for linking an 
assembly language program and a C language module, externally referenced name (XREF), 
externally define name (XDEF), input/output ports, and global variable. 

The example then, calls a C language module from assembly language program. 

The C language module itself calls an assembly language program. 


1136 
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1.7 PAD Symbols Description 


These application notes uses PAD to describe the flow of the high-level language program. PAD 
shows the flow of a program by using three basic forms, as shown in table 1-1. 

PAD accurately expresses the flow of a program and encourages efficient programming. 

It is difficult to determine whether a rhombus in a flowchart means repetition or selection, however 


this is easy to see in PAD. 


Table 1-1. Basic PAD Forms 


a 






Succession 






while(a==0) 


or 
for(a=0; a=80; 










Repetition 






Selection 
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1.8 Symbols 


This application note uses the following Symbols and abbreviations: 


DDR = Data Direction Register 
OCRI1 = Output Compare Register 1 
TCSRI = Timer Control/Status Register 1 
RMCR = Transfer Rate/Mode Control Register 
TRCSR =  Tx/Rx Control Status Register 
RDR = Receive Data Register 
TDR = Transmit Data Register 
@ HITACHI 
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SECTION 2. DARLINGTON TRANSISTOR DRIVE 
(LED DYNAMIC DISPLAY) 


2.1 Hardware Description 
2.1.1 Function 


The darlington transistor drive application displays data on an 8-digit x 8-segment LED using the 
HD6301X0 it controls the LED using a dynamic drive. 


2.1.2 Microcontroller Applications 
1. Executes an interrupt routine every 1.25 ms using the output compare function with interrupt 1 
(OCT1) in a 16-bit programmable built-in timer (timer 1). 
2. Supplies segment data from port 1 and digit data from port 6 when it executes the interrupt routine. 
3. Port 6, directly drives the darlington transistor, controlling the digit signal. 
2.1.3 Circuit Diagram 
Figure 2-1 is the application circuit diagram. 
MCU 


HD6301X0 LED (8-digit x 8-segment) 


DIG2|DIG1 


1S2076 Sarin 
uF RES 


e774 Nec 


Vss 





Figure 2-1. 8-Digit x 8-Segment LED Control Circuit 
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2.1.4 Pin Functions 


Table 2-1 shows the pin functions at the interface between the HD6301X0 and an 8-digit x 8-segment 
LED. | | 


Table 2-1. Pin Functions 



















Pin Name 
(HD6301X0) 


Input/ 
Output 


|e 
[owe oe 


Pin name| Program 
(LED) Label 






Function 






DIG1 
DIG2 
DIG3 
DIG4 
DIGS 
DIG6 
DIG7 
DIG8 


Outputs digit data to 
8-digit x 8-segment LED. 





aia 


i 
i 












Outputs segment data to 
8-digit x 8-segment LED. 


a 
Pen =] 
ff g EB 
are 
eff 


Segment Pattern 


Pil 





© 


cq. 
a 


© 





@ HITACHI 
1140 . 


2.1.5 Hardware Operation 


Figure 2-2 shows the 8-digit x 8-segment dynamic LED display timing, with a frame frequency of 
100 Hz and a duty rate of 1/8. 


LED Pin Names 


P10 a 


Segment| Pll 


Signals 
P17 


P67 P66 P65 P64 P63 P62 P61 P60 


Digit Signals 


10° digit on 


101 digit on 


EEE 
—— 


109 digithio! digir{lO2 digit¥103 digit) 


10 ms (100 Hz) 


10© digit K 107 digit 


Turns off display for 
58 ws to drive LED 
display correctly 





Figure 2-2. Dynamic Drive System 
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2.2 Software Description 

2.2.1 Program Module Configuration 

Figure 2-3 shows the program module configuration for an 8-digit x 8-segment LED display driver. 
Main program 0 | 


(Assembler 
language) 


ledint 


Interrupt 


Initialization 
reception Nelzeue 


Drive LED 


Figure 2-3. Program Module Configuration 





Refer to Section 2.3, "Program Module Description" discusses these modules for details. 
2.2.2 Program Module Functions 
Table 2-2 summaries the program module functions. 


Table 2-2. Program Module Functions 


Program Module Library | 
No. Name Function Function Language 


QO Main program LEDMN Initializes instructions, such as ORG, ASM 
LDS, and CLI, which do not exist in C. _ 
Calls ledint function and main function 


1 Interrupt LEDSP Receives and process OCI interrupt ASM 
reception 
2 Initialization ledint Initializes global variables, port, and C 
timer 
3. Drive LED main Drives 8-digit x 8-segment LED and C 
displays data 


Note: C: C Language Program 
ASM: Assembly Language Program 
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2.2.3 Program Module Sample Application (Main Program) 
The flowchart in Figure 2-4 is an example of an 8-digit x 8-segment LED display composed of the 


program modules in figure 2-3. The main program in Figure 2-4 enables the interrupt and then 
displays the LED display shown in Figure 2-6, using the timer interrupt. 


LEDMN Main Program 
#$ FF -® SP Initialize stack pointer 


Initialize global variables and timer 
Used in program module main and lednit 


| Enable interrupt 


OCI 1 Interrupt Routine 


Call C language program main using the 
OCI 1 interrupt 


Display 8-digit x 8-segment data 


Return 





Figure 2-4, Program Module Flowchart 
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The C Language Program ‘ledint' (figure 2-5) initializes the global variable, the timer, and the port. 


7 ——P count 


Oxff—-——SP *P6EDDR 


0x8 —— Pp *TCSRI1 
1250 -————P *oOcRI! 


Return 





Figure 2-5. Program Module Flowchart (ledint) — 


LED (8-digit x 8-segment) 





Figure 2-6. 8-Digit x §-Segment LED Display Example 


2.3 Program Module Description 


The following pages describe the drive LED subroutine. 
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Drive LED Module Library Function: main 


Function 
The drive LED module drives an 8-digit x 8-segment LED and displays data. 
Arguments 


Contents Storage Location No. of Bytes 


Entry Segment data —_ segd (global variable) 8 


Returns — — — 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31LIB. OBJ Not required 
Run-Time Routine C31RUN. OBJ Required 


C31RUNF. OBJ Not required 


Specifications 

ROM (bytes): 89 

RAM (bytes): 2 

Stack (bytes): 2 

No of cycles: 158 (Note) 
Reentrant: No 
Relocatable: No 
Interruptible: No 


Note: "No. of cycles" in "Specifications" indicates the number of cycles required for a 1-digit 


display. 
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Drive LED Module | Library Function: main 
Description | | 


Function Details 
Argument Details: Global Variable 'segd' holds segment data for each digit. 
Example: Figure 2-7 shows an example of program module 'main' execution. 


If the entry argument is set as shown in @ , the LED display will display the data shown in @. 
Table 2-3 shows relationship between the segment data and the display. 
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Drive LED Module Library Function: main 





Table 2-3. Segment Data and Display Relationship 


Segment . Segment i 


variables 

b7 bo 

segd [0] 
segd [1] 
segd [2] 
segment data segd [3] 
(7, 6, 5, 4, 3, 2, 1, 0) segd [4] 
segd [5] 

segd [6] 

segd [7] 


Entry argument 





LED : : 
(8-digit x 8-segment) 
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Figure 2-7. Program Module Execution Example 





User Notes 


1. Store data in display RAM in the form shown in table 2-3. 

2. Initialize program module 'main' before execution to output segment data and digit data, using 
global variable ‘count’ on the LED display. 

3. Select port 6 as the output port. 

4. Initialize timer 1. 

5. Clear bit I to enable interrupt, because OCI 1 interrupt is used. 
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Drive LED Module Library Function: main 





Variable Descriptions 


The global variables are stored in static memory (figure 2-8). 


Variable name RAM Description 


b7 b0 
segd [7] | | 


a) 
s 


segd [0] 
decd [7] 


Contains 8-digit segment data 


a Containts counter indicating which 
digit is being displayed 
decd [0] 


count Contains digit data 





Figure 2-8. Global Variable Storage 


Local variables are stored is the stack as ‘auto #'. 
Figure 2-9 shows is an example of a local variable being stored on the stack. 


Auto 1 f ove of : 
[Auto 2 _ oe ; 
[ton { 


Return address 


Auto 1 

Auto 2 

Auto n 

Argument 1 int J, borers a, 
Address 





Figure 2-9. Local Variable Storage 
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Drive LED Module Library Function: main 
The variable 'work' in RAM is a working area for dummy reads of TCSR 1 (figure 2-10). 


Variable name RAM Description 
b7 b0 


Work S . «ee Used as work area for dummy read 
of TCSR 1. 


Figure 2-10. Working Area 





Sample Application 


After the digit data counter, display counter, port 6, and timer 1 are initialized, 'main' in executed 
every 1.25 ms, while bit Lis cleared, and the LED displays the data (figure 2-11). 


REL 
PSCT: MAIN, PSCT: LEDINT 


#$FF Initialize stack pointer 

LEDINT Initialize timer, port, and global valiable 
Enable interrupt 

PEND 

MAIN Drive 8-digit x 8-segment LED 


Set vector address * « x 
ORG $FFEA 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
FDB LEDSP 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
FDB LEDMN 
END 





Figure 2-11. Sample Application 
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Drive LED Module Library Function: main 
Basic Operation 


1. Uses global variable ‘count' to find which segment data (segd) and digit data (decd) pair in the 
array the routine is currently working on. 
2. Turns off display for 58 Us. 
Outputs segment data and digit data to port. 
. Repeats steps 1-3, decrementing the counter each time until it becomes 0, indicating that the 
routine has gone through all the segment data and digit data pairs. 


> W 
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Drive LED Module Library Function: main 
PAD 





Enable the next timer interrupt 
* TCSR1 —P Wok 
* OCR1+1250 —® * OCRI 


Turn off the entire display for a 
fixed period before displaying 
the next data. 

0 ——® * PEDAT 


Output segment data to port 1 
segd (count) ———® * P1DTR 
Output digit data to port 6 

decd (count) ———#> * P6DTR 


Test if counter indicating Initialize counter 
segment dataanddigt / | iianh eae dioale 
data pair equals 0 ata and digit data 
count = 0 | pair 7 count 


Decrement counter indicating 
segment data and digit data 
pair 





Figure 2-12. Drive LED Module PAD 
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2.4 Program Listing _ 


2.4.1 Main Program Listing 


#*# CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##*# 


ERR 


SEQ 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008P 
00009P 
00010P 
00011P 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022P 
00023P 
00024 
00025 
00026 
00027 
00028 
00029 
00030A 
00031 — 


00032A 


00033A 
00034A 
00035A 
00036A 
00037A 
00038A 
00039A 
00040A 
00041A 
00042A 
00043 

00044 


LOC OBJECT 


0000 
0003 
0006 
0007 


0009 
000C 


8E OOFF 


BD 
OE 


0000 


A 
A 


20 FE 0007 


BD 
3B 


0000 


0000 | 


0000 
0000 
0000 
0000 
0009 
0000 


0000 


0000 
0000 
0000 


UVuUUUUUUTUTUN 


PROGRAM 
HR HERR E EEE EEE HERE EHH HEHEHE 
& * 
# MAIN PROGURAM LEDMN * 
* * 
Pee SST CTT TET CTT CTT CT TT TTT TTT TTT TTT TTT eee ttt s 
OPT REL 
XREF PSCT:MAIN, PSCT: LEDINT 


LEDMN LDS #$3FF Set stack pointer 

JSR LEDINT Initialize variables 

CLI Enable interrupt 
PEND BRA PEND End of program 
REAHBRKEAKKHREKHHEHRHHKHRHREKEHRHRRKRKRKEHRKRHEHEAHEHHRKRHRHKRHEHEHRHHRHHRHEHREHRRHRHE EE 
* * 
# NAME MAIN (DRIVE LED) * 
* * 
HRHEKREHHHRHEKRHHEHEEHREHEHEERHRHRHRHHRHEHEEEHHEEHRHEHRHRERHRHRHHEHHEHEHEHRHERHHRHRHHRHEHEHEE SR 
% * 
* ENTRY SEGD (DISPLAY DATA) * 
#* RETURNS NOTHING ot 
* * 
HRHAARHRREBDHEHRHEEHRAHEHEEHRHRHRHREEERERKEHEHEHEEHSKERHEKREKRHKEKEHHEHRHRKEHRHRHRHRHHREHE EH 
LEDSP JSR MAIN Drive LED 

RTI 
HRABRAAHHRRKEHSHRERHRHRKEKRHEHRERHEKRHRHREHRHEHEHEARHRARHEKREHRHHKRKRHHEKRHHEHRERHRHRHRHEHHEHRE ES 
* * 


# VECTOR ADDRESS * 
* * 
Pe RUPERT SET ECT ESE ST CCC CSCC ECCS CES ECE S ESSE SCC eee eT 
* 


#a#ee TOTAL ERRORS 00000--00000 
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ORG SFFEA 
* 
FDB LEDMN IRQ2 
FDB LEDMN CMI 
FDB LEDMN TRAP 
FDB LEDMN SIO 
FDB LEDMN TOI 
FDB LEDSP OCcI1 
FDB LEDMN ICcl 
FDB LEDMN IRQ1 
FDB LEDMN SWI 
FDB LEDMN NMI 
FDB LEDMN RES 
# 
END 
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2.4.2 C Source Listing 


* «/ 
/HHHHH#HHHHHRHHHHHHHHHEHXDECLARATION OF DEFINE 8 #4 ee eH HR HERE EHHEHEEHERER E / 
/* «/ 
#define P1DTR ((char#)0x2) /*Port 1 data register#/ 

#define TCSR1 ((char#)0x8) /*Timer control status register«/ 
#define OCR1 ((int*)Oxb) /*Output compare register«#/ 

#define P6DDR ((char#*)0x16) /*Port 6 data direction register«#/ 
#define P6DTR ((char*)0x17) /*Port 6 data register«#/ 

/* * / 
/H#HHHHHHHHHHHH HEHE HHHEDECLARATION OF GLOBAL VARIABLES & # # HHH HHH HEHEHE ee / 
/* */ 


static direct char decd[8]={128,64,32,16,8,4,2,1}; /*Digit datas/ 
/*Segment datas#/ 
static direct char segd[8]={0xf8,0x82,0x92,0x99,0xb0,0xa4,0xf9,0xc0}; 


static direct int count; /*Segment,Digit counter+#/ 
ESC OSE CSCO CUCESESSSCSOSE SESS SSS SSCS SCC C SSCS CSTE CSCC CECE SSS eS 
/* */ 
/* MAIN ROUTINE : MAIN (DRIVE LED) */ 
/* | «/ 
te 3 ee ae ae ae ae aE HEA aE HE aE HE aE EE HEHE eae / 
/* */ 
/* ENTRY : SEGD (DISPLAY DATA) « / 
/* RETURNS : NOTHING */ 
/* */ 
ROUT T TCC CTC SC CESS COSC SC CO SUSCSCSOSCSS COSCO SOS SSS SECS CECE eee eee yy, 
main() 
{ char work; 
work= *TCSR1; /*Timer controller access only #*/ 
*OCR1 +=1250; /*Set interrupt every 1.25 ms*/ 
*P6DTR = Ox0O; /*Turn off display*/ 
*PIDTR =segd{count]; /*Output segment datas#/ 
*P6DTR=decd[count]; /*Output digit data«#/ 
if (count==0) /*Display 8-digit data?#/ 
count=7; /*Initialaize counter+s/ 
. else 
count--; /*Decrement segment,digit counter*«/ 
} 
RATT TEST SECS SSC CESS SCCCOCTSCSCIOSSSCOCSCOOCC OCC CCSCCOSSCTCCSSCOO CSO CS ESSE SES 
/* «/ 
/* NAME : LEDINT (INITIALIZE) «/ 
/* */ 
/ He He 3 AE Ae He ae eae Mee Ee ae ae aE aE aE EE HEHEHE EEE He / 
ledint () 
{ 
count=7; /*Initialaize digit,segment counters/ 
*P6DDR=Oxf f ; /*Select port6 as output«#/ 
*TCSR1=0x8; /*Set timer*/ 
*OCR1=1250; /*Set O in port6#/ 
} 
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2.4.3 Output Object Listing of C Compiler 


1154 


### CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##+# 


ERR 


SEQ 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 


LOC OBJECT 


PROGRAM LEDSP 


NAM LEDSP 
OPT REL 

MSEX MACR 
CLRA 

TSTB 

BPL \.0O 
COMA 

\.0 EQU # 
ENDM 

MLBRA MACR 
JMP \O 
ENDM 

MLBSR MACR 
JSR \O 
ENDM 

MLBEQ MACR 
BNE \.0 
JMP \O 

\.0 EQU * 
ENDM 

MLBNE MACR 
BEQ \.0 
JMP \O 

\.0 EQU # 
ENDM 

MLBGT MACR 
BLE \.0 
JMP \O 

\.0 EQU »# 
ENDM 

MLBGE MACR 
BLT \.0 
JMP \O 

\.-0 EQU * 
ENDM 

MLBLT MACR 
BGE \.0 
JMP \O 

\.0 EQU *# 
ENDM 

MLBLE MACR 
BGT \.0 
JMP \O 

\.0 EQU * 
ENDM 

MLBHI MACR 
BLS \.0 
JMP \O 

\.0 EQU @ 
ENDM 

MLBLS MACR 
BHI \.0O 
JMP \O 

\.0 EQU * 
ENDM 

MLBCC MACR 
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**# CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##+# 


ERR SEQ LOC OBJECT PROGRAM LEDSP 
00057 BCS \.0 
00058 JMP \O 
00059 \.0 EQU * 
00060 ENDM 
00061 MLBCS MACR 
00062 BCC \.0 
00063 JMP \O 
00064 \.0 EQU « 
00065 ENDM 
OO0O066P 0000 PSCT 
00067P 0000 80 A DECD FCB -128 
OO0068P 0001 40 A FCB 64 
OO0OO069P 0002 20 A FCB 32 
00070P 0003 10 A FCB 16 
00071P 0004 08 A FCB 8 
00072P 0005 04 A FCB 4 
00073P 0006 02 A FCB 2 
00074P 0007 01 A FCB 1 
00075P 0008 PSCT 
OOO76P 0008 F8 A SEGD- FCB ~8 
00077P 0009 82 A FCB -126 
00078P OOOA 92 A FCB -110 
00079P OO0O0B 99 A FCB -103 
00080P O00C BO A FCB -80 
00081P OO0O0D A4 A FCB -92 
00082P OO0E F9 A FCB -7 
00083P OOOF CO A FCB -64 
00084B 0000 BSCT 
00085B 0000 0002 A COUNT BSZ 2 
00086P 0010 PSCT 
00087P 0010 34 MAIN DES 
OO0O088P 0011 CE 0008 A LDX #8 
O0O089P 0014 E6 OO A LDAB 0,X 
OO0O90P 0016 30 TSX 
00091P 0017 ET OO A STAB 0,X 
00092P 0019 CE 000B A LDX #11 
00093P 001C EC 00 A LDD 0,X 
00094P O01E C3 04E2 A ADDD #1250 
OO0095P 0021 ED OO A STD 0,X 
OOO96P 0023 CE 0017 A LDX #23 
00097P 0026 4F CLRA 
OOO98P 0027 SF CLRB 
OO0099P 0028 ET 00 A STAB 0,X 
O00100P 002A CE 0002 A LDX #2 
00101P 002D 3C PSHX 
00102P 002E CC 0008 P LDD #SEGD 
00103P 0031 D3 00 B ADDD COUNT 
00104P 0033 18 XGDX 
00105P 0034 E6 00 A LDAB 0,X 
00106P 0036 38 PULX 
00107P 0037 E7 00 A STAB 0,X 
00108P 0039 CE 0017 A LDX #23 
00109P 003C 3C PSHX 
00110P 003D CC 0000 P LDD #DECD 
00111P 0040 D3 00 B ADDD COUNT 
00112P 0042 18 XGDX 
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##* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##*# 


ERR 


SEQ 


00113P 
00114P 
00115P 
00116P 
00117P 
00118P 
00119P 
00120P 
00121P 
00122P 
00123P 
00124P 
00125P 
00126P 
00127P 
00128P 
00129P 
00130P 
00131P 
00132P 
00133P 
00134P 
00135P 
00136P 
00137P 
00138 

00139 

00140 


LOC 


0043 
0045 
0046 
0048 
004A 
004C 
O004F 
0051 
0053 
0056 
0058 
0059 
005A 
005A 
005D 
OOSF 
0062 
0065 
0067 
OO6A 
006D 
OO6F 
0072 
0075 
0077 


OBJECT 


00 


0007 


0016 
OOFF 


0008 
0008 


000B 
04E2 


PrP PP r Sr Sr rwWyS 


PROGRAM LEDSP 


. $A002 


avd 
. $A003 


LEDINT 


*##*% TOTAL ERRORS 00000--00000 
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LDAB- 0, X 
PULX 

STAB 0,X 
LDD COUNT 
BNE -$A002 
LDD #7 

BRA ced 
LDD COUNT 
ADDD #-1 
STD COUNT 
INS 

RTS 

PSCT 

LDD #7 

STD COUNT 
LDX #22 
LDD #255 
STAB 0,X 
LDX #8 

LDD #8 
STAB 0,X 
LDX #11 
LDD #1250 
STD 0,X 
RTS 

XDEF LEDINT 
XDEF MAIN 
END 
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2.4.4 Linkage Listing 


**## HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##+# 
LOAD=B: LEDMN.OBJ,B:LEDSP.OBJ,C31RUN.OBJ 
STRP=S$FO00 
STRB=3$60 
STRD=$40 
OPT=MAP , SYM 
EXEC 


*** HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ### 
*#** UNDEFINED SYMBOLS ##+# 
NAME SECTION MODULE NAME 
. ERROR ( ) 
UNDEFINED SYMBOL = 1 (Note) 


Note: There is an UNDEFINED SYMBOL+=1 (library function, ERROR) in the link information but 
it does not influence the execution of this program. The library function or run-time routines 
call the ERROR service routine when 0 is used as a divisor in division or modulo operations. 


Strictly speaking, the user should create an ERROR function. However it is never used in this 
program, so it is just displayed as an UNDEFINED SYMBOL. 


*#** HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ### 
*#*#* MAP LIST ##* 
*#* SECTION LOAD MAP 
SECTION SIZE START END COMMON-SIZE 


A 0016 FFEA FFFF 
B 0002 0060 0061 0000 
C 0000 
D 0004 0040 0043 0000 
P 0657 FOOO F656 ~ 0000 
#*# MODULE LOAD MAP 
NAME BSCT DSCT PSCT 
F000 
LEDSP 0060 FOOD 
0040 F085 


*# COMMON LOAD MAP 
NAME SECTION SIZE START 
COMMON = 0 
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**#* HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##+* 
### DEFINED SYMBOLS ##+* 
NAME SECTION START MODULE NAME 


. $SDADD P F656 ( ) 
. SDCMP P F656 ( ) 
. $SDDEC P F656 ( ) 
.S$DDIV P F656 ( ) 
. SDINC P F656 ( ) 
. $3DMOV P F656 ( ) 
. SDMUL P F656 ( ) 
. SDNEG P F656 ( ) 
. SDSTK P F656 ( ) 
. $SDSUB P F656 ( ) 
. SDTOF P F656 ( ) 
. $DTOL P F656 ( ) 
. $DTOL 3 F656 ( ) 
.$DTST P F656 ( ) 
. SFDEC P F656 ( ) 
. SFINC P F656 ( ) 
. SFMOV P F656 ( ) 
. SFREG D 0040 ( ) 
. $FTOD P F656 ( ) 
.SFTST P F656 ( ) 
»SIASL P FOFA ( ) 
-SIASR P F10F ( ) 
-$IDIV P FOBC ( ) 
. $IMOD P F139 ( ) 
. SIMUL P F085 ( ) 
. $ITOD P F656 ( ) 
.$ITOL P F39A ( ) 
. SLADD P F1AC ( ) 
. SLAND P F2AF ( ) 
. $SLBIT P F47D ( ) 
. SLCMP P F33C ( ) 
. $LCPL P F37E ( ) 
. SLDEC P F3C8 ( ) 
.$LDIV P F260 ( ) 
. SLINC P F3B8 ( ) 
. $LMOD P F287 ( ) 
. SLMOV P F188 ( ) 
. SLMUL P F1DE ( ) 
. SLNEG P F369 ( ) 
. $5LOR P F2CA ( ) 
. SLSHL P F300 ( ) 
. SLSHR P F31E ( ) 
. SLSTK P F3D8 ( ) 
. $LSUB P F1C5 ( ) 
. $LTOD P F656 ( ) 
. $LTST P F3F3 ( ) 
. SLXOR P F2E5 ( ) 
.S$SBIT P F5A0 ( ) 
.$SW1 P FSE8 ( ) 
. $SW2 P F617 ( ) 
. $UDIV P FOD8 ( ) 
. $ULSR P F124 ( ) 
. S$UMOD P F167 ( ) 


### HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##* 
NAME SECTION START MODULE NAME 


. SUTOD P F656 ( ) 
. SUTOL P F3AB ( | ) 
LEDINT P FO67 ( LEDSP _) 
MAIN P FO1D ( LEDSP ) 


DEFINED SYMBOL = 57 
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SECTION 3. 8 X 4 KEY MATRIX 


3.1 Hardware Description 


3.1.1 Function 


The key matrix routine scans an 8 x 4 key matrix using the HD6301X0. It converts the key data into 
ASCII (A-Z, 1-6). 
If two keys are pressed simultaneously, the data is invalid. 


3.1.2 Microcontroller Applications 
1. The interrupt routine is executed every 8 ms by the built-in 16-bit programmable timer (timer 1) 


and output compare interrupt 1 (OCI1). 
2. The interrupt routine executes a key scan outputting a strobe signal from port 6. 


Ss) 


The interrupt routine prevents key chatter errors . 

4. The key scan strobe signal is controlled by changing the I/O direction of the port 6 data direction 
register (DDR). A diode is not necessary to prevent output signal collision since all ports that do 
not output a strobe signal are input ports (high-impedance state). 
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3.1.3 Circuit Diagram | 


Figure 3-1 is the application circuit diagram. 


MCU 
HD6301X0 


+5 V 
4! po 


ee ee 


NMI 
| Jl argy 


Veer 
e0N 2 ie 


4 MHz 
3 EXTAL 
22 pF 
+5 V 


182076 ¥ Soars 
ttn RES 


Vss 


42 Vss 





Figure 3-1. Key Scan Control Circuit 
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3.1.4 Pin Functions 
Table 3-1 shows the pin functions at the interface between the HD6301X0 and the key matrix. 
Table 3-1. Pin Functions 


Pin Name Input/ Active Level 


Pin Name Program 
(HD6301X0) Output (High or Low) 


P63 Ome Low Outputs strobe for KR3 P6DTR 
P62 Tete ow 8 x 4 key matrix kr. 
retrieval. 2 
_ Pel iltput Low KRI 


Function 


P60 put Low KRO 
ee ee Input oe Inputs 8x 4 key oe Se ites 
P31 Input = matrix key data. KCl 
P32 Input 7: KC2 
P33 Input == KC3 
P34 Input _ = KC4 
P35 Input — KC5 
P36 Input — KC6 
P37 Input a KC7 


3.1.5 Hardware Operation 


The program prevents errors caused by key chatter (figure 3-2). 


signal | 
en ame 


Chatter @ First key data 


Key fetch 
timing aaa z Second key data 
(Timer interrupt) © @ Cy @ : 


O® ® @) Third key data 
Key input OFF 
decision 


Test for key input 





Figure 3-2. Chatter Prevention Timing 


The key input signal is sampled every 8 ms. 
If three consecutive key input signals are the same, the key input data is defined. If two or fewer 
signals are the same, the key input data is not defined, assuming that chatter has occurred. 
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3.2 Software Description 


3.2.1 Program Module Configuration 


Figure 3-3 shows the program module configuration for executing a key scan of an 8 x 4 key matrix. 


Main program 0 | 
(Assembler 
language) 


K84int 


Interrupt 1} 


reception Initialization 


K84san 


Key scan 


Figure 3-3. Program Module Configuration. 





Refer to Section 3.3, “Program Module Description" discusses these modules for details. 
3.2.2 Program Module Functions 

Table 3-2 summaries the program module functions. 

Table 3-2. Program Module Functions 


Program Module Library 


No. Name Function Function | Language 
0 Main program K84MN Initializes instructions, such as ORG, ASM 
LDS, and CLI, which do not exist in C. 
Calls K84int function 
1 Interrupt K84SCN _ Receives and process OCI 1 interrupt ASM 
reception : 
2 Initialization K84int —_Initializes global variables, port, and C 
timer | 
3 Key scan K84san Converts key data from 8 x 4 key matrix C 
into ASCII | 


Note: C: C Language Program 
ASM: | Assembly Language Program 
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3.2.3 Program Module Sample Application (Main Program) 
The flowchart in figure 3-4 is an example of an 8 x 4 key matrix key scan performed by the program 


module in figure 3-3. The main program in Figure 3-4 calls the C language module and demonstrates 
storing ASCII in global variable 'keyset' 


main program 


Initialize stack pointer 


K84int Initialize global variables and timer used 
in program module ‘main’, KB4SCN 


Convert key data from 8 x 4 key matrix 
into ASCII 


OCI 1 interrupt routine 
C Language program, 'k84 san’ using the 
OCI 1 interrupt 
Execute 8 x 4 key matrix key scan in k84san 


Return 





Fugure 3-4, Program Module Flowchart 
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The C Language Program 'K84int ' (figure 3-5) initializes the timer, port, and global variables. 


k84int 


Initialize timer and port 6 
0x8 ——P * TCSR!1 


0x0 ——® + PEpTR 
0 x 1140 ———® +* ocri 


Initialize global variables 


Return 





Figure 3-5. Program Module Flowchart 
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The execution sequence of the C Language Program ‘main' decides whether a key has been pressed 


(figure 3-6). If a key has been pressed, K84san converts the scanned data, into ASCII and store the 


result in grobal variable 'keyset'. 


Test if key has 


been depressed: 


keyonf! = 1 





Convert key 
number into 
ASCII 


Store ASCII 
code in keyset 
keydat -® keyset 


Clear flag testing 
for key press 
keyonf = 0 


Figure 3-6. Program Module Flowchart 


3.3 Program Module Description 


The following pages describe the key Scan Subroutine. 
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Key Scan Module | | Library Function: K84san 


Function 


The key scan module scans an 8 x 4 key matrix and stores key scan data in global variable keydat. 


Arguments 
Contents Storage Locaton No. of Bytes 
Entry — — = 
Returns _ key data keydat 1 
| (global variable) 
key data keyonf 1 
Indicator (global variable) 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31LIB. OBJ Not required 
Run-Time Routine -C31RUN. OBJ Required 


C31RUNF. OBJ Not required 


Specifications 

‘ROM (bytes): 247 
RAM (bytes): 16 
Stack (bytes): 8 

No of cycles: 1115 
Reentrant: No 
Relocatable: No 
Interruptible: Yes 
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Key Scan Module Library Function: K84san 


Description 
Function Details 


Argument Details: Global variable 'keydat' contains key scan data. Global variable 'keyonf' 
indicates that program module K84san is done. Flag functions are shown in table 3-3. 


Table 3-3. Keyonf Flag 


Variable Name Condition Indicates 
Keyonf 0 Key scan data is not stored in global variable 'keydat' 
1 Key scan has executed correctly and the key scan data has been 


stored in global variable 'keydat' 
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Key Scan Module _ Library Function: K84san 


Key No. 4 has been pressed 
Gd) Key pressed (In Figure 3-1 of 
Hardware Description) 


' 


bi5  keydat bg 
keydat — —,0,4 


@) Return 


arguments bi5  keydat b0O 
keyonf 





Figure3-7. Program Module 'K84san' Execution Example | 
Example: Figure 3-7 showns an example of program module 'K84san' stoves execution. 
Ifa key in @ is pressed, the key scan data is stored in global variable 'keydat', as shown in @. 
Program module K84san does not call any other program modules or subroutines. 
User Notes 
1. Clear global variables 'oldkey' and 'keyonf' before executing program module K84san. 
2. Initialize timer 1. 


3. Clear bit I and enables OCI 1 interrupt. 
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Key Scan Module 


Library Function: K84san 





Variable Descriptions 


The global variables are stored in static memory (figure 3-8). 


Variable Name 


tb1 [7] 


tb1 [0] 
stbdat [3] 


stbdat [0] 
oldkey 
newkey 
chatf1 
chatcnt 
keyonf 
keydat 
keyset 
keynum 


Ree Wengen Cee Sey Rene bye tye tyes ) ns } 





Description 


Contains P3DTR input data tb1 (RAM) 
(PSCT: 8 bytes) 


Contains strobe output data stbdat (RAM) 
(PSCT: 4 bytes) 


Contains previous key scan data 


Contains present key scan data 


Contains flag indicating completion of 
chatter preventation process 
Contains counter comparing key scan data 


Containts flag indicating key input for 
main routine: a as 


Contains data fetched by key scan 
Contains data stored in keydat 
Contains key location (1 — 32) 


Figure 3-8. Global Variables Storage 
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Key Scan Module | Library Function: K84san 
Local variables are stored in stack as ‘auto #’. - 
Figure 3-9 shows an example of a local variable being stored on the stack. 


Auto f Order of 
removal 
Auto 


Return address 
Argument 1 


Upper 
address 


2 
Argument 2 


Variable name | | Description 
b7 7 
Contains initial value of strobe data, the number 
of times to loop, and repeat condition. 
Contains initial value of data table index, the number 
_of times to loop, and repeat condition. | 


Used as work area for dummy read of TCSR1. 
Contains key scan data. 





Figure 3-9. Local Variable Storage 


© HITACHI 
1170 


Key Scan Module Library Function: K84san 
Sample Application 


Program module K84SCN is executed every 8 ms after the global variables are initialized and the 
interrupt is enabled. Figure 3-10 indicates that the timer routine K84san in K84SCN and the timer 
interrupt is restored with the RTI instruction. 


OPT REL 
XREF PSCT: MAIN, PSCT: K84INT, PSCT: K84SCN 


LDS #$FF Initialize stack pointer 
JSR K84INT Initialize port, timer, and global valiables 
CLI Enable interrupt 


JSR MAIN Test if key has been pressed 
BRA PEND 


K84SCN JSR K84SAN 
RT 


Set vector address 


ORG $FFEA 
FDB K84MN 
FDB K84MN 
FDB K84MN 
FDB K84MN 
FDB K84MN 
FDB K84SCN 
FDB K84MN 
FDB K84MN 
K84MN 
K84MN 
K84MN 





Figure 3-10. 


© HITACHI 
1171 


Key Scan Module Library Function: K84san 


Basic Operation 


1. Executes key scan at timer interrupt (generated every 8 ms). 
Checks key scan execution flag (global variable 'keyonf’) to decide whether to execute key scan. 
2. Outputs strobe signal from lower 4 bits of port 6. 
Fetches key scan data from port 3. 
3. Tests if key scan data, which was fetched in (2), is Oxff. 
a. If itis Oxff, a key has not been pressed in the current column and the strobe signal for the 
next column is output. 
b. If it is not Oxff, the routine tests which row's key has been pressed. 
The routine repeats the following process 8 times. Tests if the data in local variable 'work 1’, 
which holds the key scan data, equals data in ‘tbl’ (RAM). If the data are equal, a key has been 
pressed. 
There are eight data table patterns in 'tb1'. Each pattern indicates that one specific key has 
been pressed. So if two keys are pressed, the patterns do not match. When that occurs the 
module is existed. 


4. Compares key data fetched in step 3 with previous key data. If the data matches three times 
consecutively, key data is valid and is fetched. At that time, the routine gets chatter prevention flag 
global variable 'chatcnt' to '1' to indicate that the key data is valid. If the data in global variable 
‘newkey' differs from that in global variable ‘oldkey', or no key is pressed, the chatter prevention 
flag is cleared. . | 
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Key Scan Module Library Function: K84san 


PAD 


k84san 


Enable the next timer interrupt 
* TCSR1 ——P work 
* OCR1+0x1f40 ——® * OCR! 


Test if key scan data has been processed 
in the main program 
keyonf = 0 


Return 


Figure 3-11. Key Scan Module PAD 
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Key Scan Module | | Library Function: K84san 


Output strobe data 
in order from Output strobe data to 


'stodat' (RAM) P6DTR 
stodat[i] — * P6DDR 


Test if one or more 

key output strobe 
signals have been 
pressed 

* P3DTR ! = Ox ffff 


Test if present key input 
data is "0" 
newkey = 0 


Compare present key input 
data with previous data 
newkey = oldkey 





Figure 3-11. Key Scan Module PAD 
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Key Scan Module | Library Function: K84san 


Save value of 
P3DTR, to 
determine key 
data position, 
in ‘work 1' 


Clear keynum, 
which indicates 
key number 
0——® keynum 


Search for value Test if value 
corresponding to corresponding to 
P3DTR, to determine data in ‘work 1' 
key data position exists in 'tb1' 


column in 'tb1' (RAM) (RAM) 


Store number of key 
pressed in keynum 
keynum = 8 xi+j+1 


keynum ——__ 





Figure 3-11. Key Scan Module PAD (cont) 
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Key Scan Module | Library Function: K84san 







newkey —— p> oldkey 








Clear variables indicating 
number of key scans 
and if key has been 

held down 


oO — > ~~ chat 
0 —& — chatcnt 





Test if key has been 


held down 
chatf1 = 1 





Yes 
Test if ‘chatcnt' 


indicates chapter Increment chatter counter 


Clear variable indicating - 
completion of chatter 


prevention counter 
is less than 3 
chatcnt < 3 





prevention ( 
0 ——é schaitfi 








Clear variable indicating 
that key is being 
held down 


0 — > chatfi 









Figure 3-11. Key Scan Module PAD (cont) 
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3.4 Program Listing 


3.4.1 Main Program Listing 


**#* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 #«#*# 


ERR SEQ LOC OBJECT PROGRAM 
OOOO] HHH HEHEHE HEHEHE EHH EEE HEHEHE HEHEHE EHR HEHE 
00002 # * 
00003 # #* 
00004 MAIN PROGRAM : K84MN # 
00005 # # 
00006 PROSPER SSR ESE ESE SSES ESSEC CES OSS SSCSSOSSS SSS SSE ere ss 
00007 OPT REL 
00008 XREF PSCT :MAIN, PSCT: K84INT, PSCT: K84SAN 
OOO0O09P 0000 8E OOFF A K84MN- LDS #SFF Set stack pointer 
00010P 0003 BD 0000 A JSR K84INT Initialize variables 
00011P 0006 OF CLI Enable interrupt 
00012P 0007 BD 0000 A PEND JSR MAIN Branch main routine 
00013P OOOA 20 FB 0007 BRA PEND Continuous loop 
00014 Me Oe He Ea ea aE aE He OE AE OE HE OE AE aE AE OE HE HE EAE aE aE aE AEE aE He EEE HEHEHE aa 
00015 + #* 
00016 ‘ NAME : K84SAN_ (KEY SCAN) * 
00017 * | * 
00018 CPE SCEPC TEC T TTT T TT eTTTTTTTTrTTTtrrrTtrTrrrTT s 
00019 # e 
00020 # ENTRY : NOTHING % 
00021 * RETURNS : KEYDAT (KEYDAT DATA) # 
00022 + KEYONF (KEY ON FLAG) * 
00023 # # 
00024 HRA HEHEHE HEHEHE HER HERE HHT EEE ERE HERE HHH HH 
00025P O00C BD 0000 A K84SCN JSR K84SAN Branch to key scan routine 
00026P OOOF 3B RTI Return from interrupt 
00027 EeePC PSE CESS SSS SSCS SSE SSPE SSS SSS ESS SSS SSeS SSS See eee eee ee eee | 
00028 a * 
00029 * VECTOR ADDRESS * 
00030 # * 
00031 REP EPSPS SSCS SES ESSEC SESE CESS eee eee eee ee ee eee ee eee eee ees: 
00032 % 
00033A FFEA ORG SFFEA 
00034 * 
OO035A FFEA 0000 P FDB K84MN IRQ2 
O00036A FFEC 0000 P FDB K84MN CMI 
OOO3TA FFEE 0000 P FDB K84MN TRAP 
00038A FFFO 0000 P FDB K84MN SIO 
O00039A FFF2 0000 P FDB K84MN TOL 
OOO40A FFF4 000C P FDB K84SCN OCI1 
00041A FFF6 0000 P FDB K84MN ICI 
00042A FFF8 0000 P FDB K84MN IRQ] 
00043A FFFA 0000 P FDB -K84MN SWI 
00044A FFFC 0000 P FDB © K84MN NMI 
QOOO045A FFFE 0000 P FDB K84MN RES 
00046 + 
00047 © END 


#*#*#* TOTAL ERRORS 00000--00000 
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* 
/H#HHHHHHHHHHHHEHHHHEXDECLARATION OF DEFINE#e eee eee ee ee eee RHR H HEHEHE HEHE / 


/* « / 


#define TCSR1 ((char#)0x08 ) /* Timer control status reg. */ 

#define OCRIL ((int#)0Ox0Ob) /* Interrupt set #/ 

#define P6DTR ((char*#)0x17) /* Port 6 data reg. */ 

#define P6DDR ((char#)0x16) /* Port 6 input +#/ 

#define P3DTR ((char#)0x06) /* Port 3 output #*/ 

/* « / 
/eeeeeneeeeeeeeee He DECLARATION OF GLOBAL VARIABLES 4 ##### #8 eH HHH RHE / 
/* «/ 
static direct int oldkey; /* Comparison area #/ 

static direct int newkey; /* New key data «/ 

static direct int chatfl; /* Chatter flag «*/ 

static direct int chatcnt; /* Chatter counter #/ 

static direct int keyonf ; /* Key-on flag #/ 

static direct int keydat; /* Set key data «/ 

static direct int keyset; /* Set ASCII data #/ 

static direct int keynun; /* Set key number #/ 

static char tb1[(8J={Oxfffe, Oxfffd,Oxfffb,Oxfff7, 


Oxffef,Oxffdf,Oxffbf,Oxff7f}; 
/* Compare data with P3DTR «/ 
stbdat[4]={0x08,0x04,0x02,0x01}; 
/* Set strobe signal #/ 


ARP eee RECESS CECE EeePC E SESE CESSES SSCS E SESS S SSCS ESSEC SESE Cee 


static char 


/* */ 
/* MAIN ROUTINE : MAIN (JUDGE IF KEY IS HIT AND ASCII CODE OF KEY) #/ 
/* «/ 


VARS CR EC ES SCEPC SESE Ee STIS CC SE PSSST SSC E STC SEC SSIES ESE SESS TESST SS 
main() 


{ 
if (keyonf!=1) 
return; 
else { 
keydat += (kKeydat<27)?’'A'-1:'1'-27; 
/* change keydat to ascii #/ 
keyset=keydat; _f/* set ASCII of keydat #/ 
keyonf=0; 
} 
} 
ACRE PCPS E SE eee SESSA TES C CESSES SSCS OSS SCSCOSSCSO SSS SST ESS SSeS eg, 
/* «/ 
/* NAME K84INT (INITIALIZE) a/ 
/* « / 
VASES ESSE SESE SSS ECCS TEESE SSE LOSES CEC CI CSESCCCSOCCOOCCCOCCCSCCC SCC STL eer, 
k84int() 
{ 
*«TCSR1=0x8; /* Set timer +*/ 


*P6DTR=0x0; 
*OCR1=0x1f40; 


/* Set O in Port6 «/ 
/* Set direct interrupt every 8ms +«*/ 


oldkey=newkey=chatfl=chatcnt=keyonf=keydat=keyset=0; 


/* oldkey: Comparing area */ 

/* newkey: New key data #«/ 

/* chatfl: Chattering flag #/ 

/* chatecnt: Chattering counter +*/ 
/* kKeyonf: Flag of key-on «/ 

/* keydat: Set key data «/ 

/* kKeyset: Set ASCII data «/ 
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} 


[RRR RHEE HEHEHE EEE EERE / 


/* */ 
/* NAME : K84SAN- (KEY SCAN) */ 
/* */ 
ASAE CREO ESE EEE EEE EC ECCS SSE SCC ES ESSEC CCOSCESSSS SOS OS SSS ESSE 
le */ 
/* ENTRY : NOTHING «/ 
/* RETURNS : KEYDAT (KEYDAT DATA) «/ 
/* KEYONF (KEY ON FLAG) «/ 
/* */ 
VESPER PES ESE ESE SESE ESSE PERSE CESSES ESE SSE SESE S ESSEC eee eee eee eS 
k84san() /* routine of key scan #«/ 
{ 
char work,workl1; 
int a ee 
work= *TCSR1; /* Just accessed timer controller #/ 
*OCR1+=Ox1f40; . /* Set interrupt every 8ms +«/ 
if (keyonf==0) { /* Judge if key is hit #/ 
for (i1=0;1<4;i++) { 
*P6DDR=stbdat[i]; /* Give strobe data to P6DDR #/ 
if (#P3DTR!=Oxffff) { 
/* For macro expansion, « / 
/* upper two bytes of P3DTR «/ 
/* are filled with "S$FF" « / 


workl= #P3DTR; 
keynum=0; 
/* Check the bit number of 0 #/ 
for (j=0;j<8;j++) { 
if (work1==tbl[j]) 
keynum=8e1+j+1; 


} 
newkey=keynum; /* Set key number #/ 
/* in newkey  / 
} 
} 
if (newkey==0) { 7/* no Key-on #*/ 
oldkey=newkey; 
chatfl=chatcnt=0; 
return; 
} 
if (newkey==oldkey) { 
if (chatfl==1) 
return; 
if (chatcnt<3) 
chatcnt+t+; 
else{ 
chatfl=1; 
keydat=newkey; 
keyonf=1; 
} 
} 
else { 
oldkey=newkey; 
chatf1=0; 
} 
} 
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##*# CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##«# 


ERR SEQ 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 


LOC OBJECT PROGRAM K84SCN 


NAM K84SCN 
OPT REL 

MSEX MACR 

CLRA 

TSTB 

BPL \.0 

COMA 

\.0 EQU *# 

ENDM 

MLBRA MACR 


MLBSR MACR 
JSR \O 
ENDM 

MLBEQ MACR 
BNE \.0 
JMP \O 

\.0 EQU «* 
ENDM 

MLBNE MACR 
BEQ \.0 
JMP \O 

\.0 EQU * 
ENDM 

MLBGT MACR 
BLE \.0 
JMP \O 

\.0 EQU «* 
ENDM 

-MLBGE MACR 
BLT \.0 
JMP \O 

\.0 EQU # 
ENDM 

MLBLT MACR 
BGE \.0 
JMP \O 

\.0 EQU »* 
ENDM 

MLBLE MACR 
BGT \.0 
JMP \O 

\.0 EQU * 
ENDM 

MLBHI MACR 
BLS \.0 
JMP \O 

\.O EQU *# 
ENDM 

MLBLS MACR 
BHI \.0 
JMP \O 

\.0 EQU »* 
ENDM 

MLBCC MACR 
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#*# CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##+# 


ERR 


SEQ 


00057 

00058 

00059 

00060 

00061 

00062 

00063 

00064 

00065 

00066B 
000678 
00068B 
00069B 
00070B 
00071B 
00072B 
00073B 
00074B 
00075B 
0O0O076B 
00077B 
00078B 
00079B 
00080B 
00081B 
00082P 
00083P 
00084P 
00085P 
00086P 
00087P 
00088P 
00089P 
00090P 
00091P 
00092P 
00093P 
00094P 
00095P 
O0O0O096P 
00097P 
00098P 
00099P 
00100P 
00101P 
00102P 
00103P 
00104P 
00105P 
00106P 
00107P 
00108P 
00109P 
00110P 
00111P 
00112P 


LOC OBJECT 


0000 
0000 
0002 
0002 
0004 
0004 
0006 
0006 
0008 
0008 
OOOA 
OOOA 
000C 
000C 
OOOE 
OOOE 
0000 
0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0008 
0009 
OOOA 
O0OOB 
000C 
000C 
OOOE 
0011 
0013 
0014 
0016 
0019 
001B 
OO1E 
0020 
0023 
0025 
0027 
0029 
002A 
002B 


0002 


0002 
0002 
0002 
0002 
0002 
0002 


0002 


> 


PO Prrr PPrrrrrrer FF PF FF PF F&F PF PS 


PROGRAM K84SCN 


BCS \.0 
JMP \O 
\.0 EQU +* 
ENDM 
MLBCS MACR 
BCC \.0O 
JMP \O 
\.0 EQU «# 
ENDM 
BSCT 
OLDKEY BSZ 2 
BSCT 
NEWKEY BSZ 2 
BSCT 
CHATFL BSZ 2 
BSCT 
CHATCN BSZ 2 
BSCT 
KEYONF BSZ 2 
BSCT 
KEYDAT BSZ 2 
BSCT 
KEYSET BSZ 2 
BSCT 
KEYNUM BSZ 2 
PSCT 
TBL FCB -2 
FCB -3 
FCB -5 
FCB ~-9 
FCB -17 
FCB -33 
FCB -~65 
FCB 127 
PSCT 
STBDAT FCB 8 
FCB 4 
FCB 2 
FCB 1 
PSCT 
MAIN LDX KEYONF 
CPX #1 
BEQ .$A002 
RTS 
.$A002 LDX KEYDAT 
CPX #27 
BGE .$A004 
LDD #64 
BRA .-$A005 
.$A004 LDD #22 
.$A005 ADDD KEYDAT 
STD KEYDAT 
STD KEYSET 
CLRA 
CLRB 
STD KEYONF 
@ HITACHI 


1181 


##* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##+# 


_ERR 


SEQ 


00113P 
00114P 
00115P 
00116P 
00117P 
00118P 
00119P 
00120P 
00121P 
00122P 
00123P 
00124P 
00125P 
00126P 
00127P 
00128P 
00129P 
00130P 
00131P 
00132P 
00133P 
00134P 
00135P 
00136P 
00137P 
00138P 
00139P 
00140P 
00141P 
00142P 
00143P 
00144P 
00145P 
00146P 
00147P 
00148P 
00149P 
00150P 
00151P 
00152P 
00153P 
00154P 
00155P 
00156P 
00157P 
00158P 
00159P 
00160P 
00161P 
00162P 
00163P 
00164P 
00165P 
00166P 
00167P 
00168P 


LOC 


OBJECT 


39 


0008 
0008 


0017 
00 
000B 


1F40 
00 


0016 
0008 
04 
00 
00 
0006 
00 
FFFF 


0006 


A 
A 
A 
A 


>> >> 


DOmWmWmwww 


W>>>>> +> 


A 


rrr PF PP 


> 


PROGRAM K84SCN 


-$A003 RTS 
PSCT 
LDX 
LDD 
STAB 
LDX 
CLRA 
CLRB 
STAB 
LDX 
LDD 
STD 
CLRA 
CLRB 
STD 
STD 
STD 
STD 
STD 


K84INT 


K84SAN 


. $A009 


#8 
#8 
0,X 
#23 


0,X 
#11 
#8000 
0,X 


KEYSET 
KEYDAT 
KEYONF 
CHATCN 
CHATFL 
NEWKEY 
OLDKEY 


#8 


5,X 
#11 
0,X 
#8000 
0,X 
KEYONF 
- $A008 


ioe 
#22 
#STBDAT 
4,X 
0,X 
0,X 


#6 ° 
0,X 


#-1 
-$A011 
#6 
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#*#* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 #«#* 


ERR 


SEQ 


00169P 
00170P 
00171P 
00172P 
00173P 
00174P 
00175P 
00176P 
0O177P 
00178P 
00179P 
00180P 
00181P 
00182P 
00183P 
00184P 
00185P 
00186P 
00187P 
00188P 
00189P 
00190P 
00191P 
00192P 
00193P 
00194P 
00195P 
00196P 
00197P 
00198P 
00199P 
00200P 
00201P 
00202P 
00203P 
00204P 
00205P 
00206P 
00207P 
00208P 


00209P. 


00210P 
00211P 
00212P 
00213P 
00214P 
00215P 
00216P 
00217P 
00218P 
00219P 
00220P 
00221P 
00222P 
00223P 
00224P 


LOC 


O0SE 
OOAO 
OOA1 
00A3 
OO0A4 
OOA5 
OOAT 
OOA9 
OOAA 
OOAC 
OOB1 
OOB2 
00B3 
OOB6 
OOB7 
OOB9 
OOBA 
OOBC 
00C1 
00C2 
00C4 
00C5 
00C7 
00C8 
OOCA 
OOCB 
OOCC 
0OCD 
OOCF 
00D2 
00D4 
OODS5 
OOD7 
OODA 
OODC 
OODD 
OODF 
OOE2 
OOE4 
OOE6 
OOE8 
OOES 
OOEB 
OOEE 
OOFO 
OOF1 
OOF3 
OOF6 
OOFB 
OOFD 
OOFF 
0101 
0102 
0103 
0105 
0107 


OBJECT 


00 A 


04 A 


OE B 


31 OODA 


04 A 


0000 


ae) 


02 A 


00 A 


00 A 


OD 00D4 


02 A 


00 
0001 
OE 


00 
0001 
00 


00 
0008 
C5 OOA 
OE 

02 


02 
0001 
02 


Prr BDHWOrr PrYrFr DWY>Y 


02 
0004 


02 
OA 010 
00 


Dow YY 


06 B 
04 B 
35 O13E 


PROGRAM K84SCN 


LDAB 0,X 
TSX 
STAB 4,X 
CLRA 
CLRB 
STD KEYNUM 
BRA rare b 
.$A012 TSX 
LDAB 4,X 
MSEX 
XGDX 
PSHX 
LDD #TBL 
TSX 
ADDD 2,X 
XGDX 
LDAB O,X 
MSEX 
TSX 
SUBD O,X 
PULX 
BNE -$A014 
TSX 
LDD 2,X 
ASLD 
ASLD 
ASLD 
ADDD 0,X 
ADDD #1 
STD KEYNUM 
-$A014 TSX 
LDD 0,X 
ADDD #1 
colt STD 0,X 
.$A013 TSX 
LDX 0,X 
CPX #8 
BLT -$A012 
LDD KEYNUM 
STD NEWKEY 
-$A011 TSX 
LDD 2,X 
ADDD #1 
e- STD 2,X 
.$A010 TSX 
LDX 2,X% 
CPX #4 
MLBLT .$A009 
LDD NEWKEY 
BNE -$A015 
STD OLDKEY 
CLRA 
CLRB 
STD CHATCN 
STD CHATFL 
BRA are | 
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*#« CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##+# 


ERR 


SEQ 


00225P 
00226P 
00227P 
00228P 
00229P 
00230P 
00231P 
00232P 
00233P 
00234P 
00235P 
00236P 
00237P 
00238P 
00239P 
00240P 
00241P 
00242P 
00243P 
00244P 
00245P 
00246P 
00247P 
00248P 
00249P 
00250 

00251 

00252 

00253P 
00254P 
00255P 
00256P 
00257 

00258 

00259 

00260 


LOC 


0109 
010B 
010D 
010F 
0111 
0114 
0116 
0118 
011B 
011D 
O11F 
0122 
0124 
0126 
0129 
012B 
012D 
012F 
0132 
0134 
0136 
0138 
013A 
013B 
013C 


013E 
013F 
0140 
0141 


OBJECT 
DE 02 B 
9C 00 B 
26 27 0136 
DE 04 B 
8C 0001 A 
27 28 013E 
DE 06 B 
8C 0003 A 
2C 09 0126 
DC 06 B 
C3 0001 A 
DD 06 B 
20 18 013E 
cc 0001 A 
DD 04 B 
DC 02 B 
DD OA B 
CC 0001 A 
DD 08 B 
20 08 013E 
DC 02 B 
DD 00 B 
4F 
oF 
DD 04 B 
O13E P 
013E P 
013E P 
38 
38 
38 
39 


PROGRAM K84SCN 


#### TOTAL ERRORS 00000--00000 


-$A015 LDX NEWKEY 
CPX OLDKEY 
BNE . $A016 
LDX CHATFL 
CPX #1 
BEQ rr 
-$A017 LDX CHATCN 
CPX #3 
BGE .$A018 
LDD CHATCN 
ADDD #1 
STD CHATCN 
BRA -$A019 
.$A018 LDD #1 
STD CHATFL 
LDD NEWKEY 
STD KEYDAT 
LDD #1 
STD KEYONF 
BRA - 3A020 
-$A016 LDD NEWKEY 
STD OLDKEY 
CLRA 
CLRB 
STD CHATFL 
.$A019 EQU * 
.$A020 EQU 
we EQU * 
.$A008 PULX 
PULX 
PULX 
RTS 
XDEF K84SAN 
XDEF K84INT 
XDEF MAIN 
END 
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3.4.4 Linkage Listing 


Note: 


### HMCS6800 CROSS LINKAGE EDITOR 
LOAD=B:K84MN.OBJ,B:K84SCN.obj,C31RUN.OBJ 
STRP=SF000 
STRD=$40 
STRB=$60 
OPT=MAP ,SYM 
EXEC 


*##* HMCS6800 CROSS LINKAGE EDITOR 
*#*#* UNDEFINED SYMBOLS «#«#+# 
NAME SECTION MODULE NAME 
- ERROR ( ) 
UNDEFINED SYMBOL = 1 (Note) 


«*## HMCS6800 CROSS LINKAGE EDITOR 


##e MAP LIST «#4 


## SECTION LOAD MAP 


VER 1.2 ### 


VER 1.2 ### 


There is an UNDEFINE SYMBOL=1 (library function ERROR) in the link information but it 
does not influence the execution of this program. The library function or run-time routines call 
the ERROR service routine when 0 is used as a divisor in division or module operation. 


Strictly speaking, the user should create an ERROR function. However it is never used in this 
program, so it is just displayed as an UNDEFINED SYMBOL. 


VER 1.2 #«#+* 


SECTION SIZE START END COMMON-SIZE 


A 0016 FFEA FFFF 
B 0010 0060 OO6F 

C 0000 
D 0004 0040 0043 
P 0724 FOOO F723 

*#*# MODULE LOAD MAP 

NAME BSCT DSCT PSCT 
F000 
K84SCN 0060 F010 
0040 F152 


## COMMON LOAD MAP 
NAME SECTION SIZE START 


COMMON = 0 
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0000 


0000 
0000 
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*#* HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##* 
*## DEFINED SYMBOLS «#«#* 
NAME SECTION START MODULE NAME 


. $DADD P F723 ( 

. $SDCMP P F723 ( ) 
. $3DDEC P F723 ( ) 
.S$DDIV P F723 ( ) 
.$DINC P F723 ( ) 
. $DMOV P F723 ( ) 
. $DMUL P F723 ( ) 
. $DNEG P F723 ( ) 
. $DSTK P F723 ( ) 
. $DSUB P F723 ( ) 
. $DTOF P F723 ( ) 
. $DTOI P F723 ( ) 
. $DTOL P F723 ( ) 
.$DTST P F723 = ( ) 
. $FDEC P F723 ( ) 
. $F INC P F723 ( ) 
. $FMOV P F723 ( ) 
. $FREG D 0040 ( ) 
. $F TOD P F723 ( ) 
.$FTST P F723 ( ) 
.SIASL P F1C7 ( ) 
.S$IASR P F1DC ( ) 
.$IDIV P F189 ( ) 
. $IMOD P F206 ( ) 
. SIMUL P F152 ~—( ) 
. $ITOD P F723 ( ) 
.S$ITOL P F467 ( ) 
. $LADD P . F279 ( ) 
. $LAND P F37C ( ) 
.$LBIT P F54A ( ) 
. $LCMP P F409 ( ) 
. $LCPL P F44B ( ) 
. $LDEC P F495 ( ) 
.$LDIV P F32D ( ) 
. $LINC P F485 ( ) 
. $LMOD P F354 ( ) 
. $LMOV P F255 = ( ) 
. $LMUL P F2AB ( ) 
. $LNEG P F436 ( ) 
. $LOR P F397 ( ) 
. $LSHL P F3CD ( ) 
. $LSHR ?p F3EB ( ) 
. $LSTK P F4A5 ( ) 
. $LSUB P F292 ( ) 
. $LTOD P F723 ( ) 
.$SLTST P F4CO ( ) 
. $LXOR P F3B2 (. ) 
.$SBIT P F66D ( ) 
.$SW1 P F6B5 ( ) 
.$SW2 P F6E4 ( ) 
.$UDIV P F1A5 ( ) 
.SULSR P F1F1 ( ) 
. $UMOD P F234 ( ) 


### HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##+# 
NAME SECTION START MODULE NAME 


. $UTOD P F723 ( ) 
. SUTOL P F478 ( ) 
K84INT P FOSE ( K84SCN ) 
K84SAN P FO66 ( K84SCN ) 
MAIN P FO1C ( K84SCN ) 
DEFINED SYMBOL = 58 
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SECTION 4. EXTERNAL EXPANSION 
4.1 Hardware Description 


4.1.1 Function 


The external expansion application controls external memory and peripheral LSIs using the 
HD6301 YO. It uses the HD6350 (ACIA) as an asynchronous serial interface with a console 
typewriter, It also controls a liquid crystal module H2571 and displays console typewriter input 
characters using the HD6321 (PIA). 


4.1.2 Microcontroller Applications 


This application interfaces with external LSIs through an address bus, data bus, and control signals 


(R/W and E) using the HD6301 YO external expansion function. 
4.1.3 Circuit Diagram 


Figure 4-1 is the application circuit diagram. 
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11M 


~ 
“ 
in] 
on 


MCU 
HD6301Y0 
(HD6303Y) 


+38V 


OZ HDUHCI38+SV 
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>> > >> > >> > 
wound < 


z>=—-~ 


PAH DI4HCOe 


>>> >> > > >> > > > D> 
weevresemrosse sas 


> 
e ~ 


Console typewriter 
Hb751388 ’ 


HDTS1R9 
o 4 ! 


27kS 
HD7T5 iar 
i 


=1ev 





Figure 4-1, External Expansion Circuit Diagram 
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4.1.4 Memory Map 


Memories and peripheral LSIs are allocated in external address space using an address decoder 


(HD74HC138). 


Address lines A13, A14 and Al5 are connected to pins A, B and C of the HD74HC138. 
Address space $8000-$FFFF is divided into 8k-byte units. Table 4-1 shows the system address 


decoding. 


Table 4-1. System Address Decoding 





HD74HC138 
Input Output 
B A | 
Gl G2A G2BC A14 ALG *4 Y5 Y6 Y7 Address Allocation 
HL | Pee L LL H H 4H 8000—$9 FFF RAM 
H L LL L H H L H 4H $A000—-$BFFF PIA 
| se © ee F H L H L H CO00—$DFFEF ACIA 
H  L cae F H H H H L EQO0O —$FEFFF ROM 


Figure 4-2 shows system memory map. 


I/O Ports 
TIMER HD6301X0 internal register and 
SCl internal address space.. 


RAM 
(192 Bytes) 


Not Used 


RAM Bee | 
(HM6117) DDRB/PORTB 


PIA 
oF 


ACIA CTRL/STS 
(HD6350) TDR/RDR 


(HN27C64) 


Figure 4-2. System Memory Map 


DDRA/PORTA 
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4.1.5 Hardware Operation 


Figure 4-3 shows the interface timing chart for the HD6301Y0 and external memory (HN27C64, 


HM6117). 


HD6301LYO ADDRESS 


HN27C64 


HD6301Y0 


HN27C64 


HM6117 





Address delay time 
Data set-up time 

Data hold time 

Data delay ti 

CE Output delay time 
OE Outout delay time 
Access time 

Data output hold time 
Address access time 
CE,, CE2 Output delay time 
Write pulse width 
Input data set time 
Input data hold time 


Figure 4-3. Interface Timing Chart for HD6301Y0 and External Memory 
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4.2 Software Description 
4.2.1 Program Module Configuration 
Figure 4-4 shows the program module configuration which displays data input from a console 


typewriter, using the circuit in Figure 4-1. 


Main program 0. 
(Assembler 
language) 


EXPINP expin main 


| 3 
Interrupt Initialization B Data 3 
reception processing 


expint expout 


: 7 
Receive: LOD-Il 5 Display 6 ean iaats ca 
data Initialization Character 
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Figure 4-4. Program Module Configuration 
Refer to Section 4.3 "Program Module Description" discusses these modules for details. 
4.2.2 Program Module Functions 


Table 4-2 summaries the program module functions. 
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Table 4-2. Program Module Functions 


Program Module Library 
No. Name Function Function Language 


0 Main program EXPMN Initializes instructions, such as ORG, ASM 
LDS, and CLI, which do not exist in C. 
Calls expin function and main function 


l Interrupt EXPINP _ Receives and processes IRQ interrupt ASM 


reception 
2 Initialization expin Initializes global variables, PIA, ACIA, C 
and LCD-I 
3 Data processing main Displays key data, input from console C 


typewriter, on liquid crystal display (H2571) 
and prints the data on the console typewriter 


4 Receive data expip Receives key data from the console Cc 
typewriter through an IRQ interrupt 


5 LCD-Winitialization expint Initializes LCD-I C 
6 Display Character expdsp Displays characters on LCD C 
7 Send data expout Sends data to console typewriter Cc 


Note: C: C Language Program 
ASM: Assembly Language Program 
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4.2.3 Program Module Sample Application (Main Program) 


The flowchart in Figure 4-5 is an example of the execution sequence of the program module in Figure 
4-4 when it displays key data input from a console typewriter on a liquid crystal display and prints the 
data on the console typewriter. 


Main program 


#$ FF -® SP Initialize stack pointer 


Initialize PIA, ACIA, LCD-II, and 
global variables 


Enable interrupt 


After converting the key data input from the 
console typewriter into ASCII code, 

display the result on the liquid crystal 
display (H2571) and print the result on 

the console typewriter 


EXPINP IRQ interrupt routine 


Execute ‘expip' to receive data from the 
console typewriter and store it in 
global variable 'keydat' 


Return 





Figure 4-5. Program Module Flowchart 
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Figure 4-6 shows the execution sequence of C language program ‘expin’. In 'expin', key data input 


from console typewriter is displayed on the liquid crystal display (H2571) and printed on the console 


typewriter. 


Clear global variable (0) — 


Select DDRA of PIA 
0 x 00 —® * CRA 


Select part A of PIA 
as output 
0 x ff —®* CRA 


Select port A register 
0 x 04 —®* CRA 


Set H2571 control 
signal 
0 x 02 —® * PIRA 


Select DDR B of PIA 
0 x 00—® * CRB 


Select port B of PIA 
as output 
0 x ff —®* DDRB 









Store function data in 
entry argument func 
0x 30 —® func 


Store entry mode data 
in entry argument 
entry 

0 x 06 —® entry 


expint function 







Master reset ACIA 
0 x 97 —&+*CR 











Initialize ACIA 
0x 95 —® *CR 

1 start bit + 8 bits , 
data + 1 stop bit, 16 
RTS +0, TIE =0, RIE = 1 





Select port 5 bit 0 
as IRQ pin 
0 x 7d —® * P5CR 


Figure 4-6. Program Module Flowchart 
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Figure 4-7 shows the execution sequence of C language program ‘main’. 
In 'main', key data input from console typewriter is displayed on the liquid crystal display (257 1) 
and printed on the console Dpewnteh 


Loop while input Test if key data Test if input data 
data is found has been is lowercase or Convert lowercase 
while (1) received uppercase into uppercase 
_ keydrf !=0 keydat > = 'a’ && keydat — = 20 
, keydat < = 'z' 


Clear key data 
received flag 


keydrf = 0 


Set signal RTS of 
ACIA low 


0x95 —®* CR 


Store outdat in 
dspdat and keydat 


dspdat 


) 
utdat key dat 


expout function 


expdsp function 





Figure 4-7. Program Module Flowchart 
4.3 Program Module Description 


The followin g pages describle the external expansion modules. 
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1. Receive Data Module Library Function: expip 


Function 


The receive data module receives data from console typewriter and stores key data in global variable 


‘keydat’. 
Arguments 
Contents Storage Location No. of Bytes 
Entry — — — 
Returns __ Received data keydat p) 

(ASCII code) (global variable) 

Received data flag keydrf 2 

(global variable) 


Libraries Required for Program Execution 


Library 


Required/Not Required 


Standard Library Function C31LIB. OBJ Not required 


Run-Time Function 


Specifications 


ROM (bytes): 
RAM (bytes): 
Stack (bytes): 
No of cycles: 
Reentrant: 
Relocatable: 
Interruptible: 


C31RUN. OBJ Required 
C31RUNF. OBJ Not required 


48 

4 

0 

63 (Note) 


Note: Ox indicates a hexadecimal number in C. 
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1. Receive Data Module Library Function: expip 


Description 
Function Details 


Argument details: Global variable 'keydat' contains 1-byte of key data (ASCII) from the console 
typewriter. Global variable ‘keydrf is a flag indicating that data has been received. Table 4-3 shows 
flag functions. 


Example: Figure 4-8 shows an example of program module ‘expip' execution. If key "a" on the 
console typewriter is pressed as shown in ® , the received data is put in the key data buffer and oxff 
is stored in 'keydrf' as shown in @. 
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1. Receive Data Module __. | Library Function: expip 


[a] — ox 61 


G) Entry 


a: press 


b15  keydat bo 


Global variable 'keydat' = eee ee 


1 byte data 

(2) Result < (‘a':0x61) 
Global variable 'keydrf' 
0 x ff 


bi5  keydrf 





Figure 4-8. Program Module expip Execution Example 


Table 4-3. Flag Functions 


Variable Name Flag Indicates 
Keydrf 0x00 No data has been received 
_Oxff Data has been received and stored in buffer 


User Notes 


1. Initialize ACIA because ACIA is controlled by the microcontroller external extension. After 
initialization ACIA can receive data from the console typewriter. 


2. Clear bit I and enables interrupt for IRQ interrupt. 
Variable Description 


The global variables are stored in static memory (figure 4-9). 


Variable name Description 


b15 bo 


keydat } Contains key data buffer for received data 
keydri } Contains received data flag 


Figure 4-9. Global Variable Storage 
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1. Receive Data Module Library Function: expip 
Sample Application 


After ACIA is initialized and the interrupt is enabled, an IRQ, interrupt initiates program module 
‘expip' execution (figure 4-10). 


Initialize ACIA 


Select bit 0 of port 5 as the IRQ, 
pee interrupt pin 





Figure 4-10. Sample Application 
Basic Operation 
Figures 4-11 and 4-12 show ACIA control. Figure 4-11 shows ACIA initialization. Figure 4-12 


shows now received data is read after an interrupt. 
Note that this control method applies to the system in Figure 4-1 and memory map in Figure 4-2. 


0x 97 —® * CR [ ACIA Master reset 


0x9 —® * CR 


Initialize ACIA | 
[ (4800 bps, 1 start bit + 8 data bits + 1 stop bit, 
enables interrupt during data reception) 





Figure 4-11. ACIA Control (Initialization) 
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1. Receive Data Module Library Function: expi 





Test bit 0 (RDRF) of status register to determine whether the 
ACIA has received data or not (RDRF = 1: data has been received). 


= 1 ae 
Set signal RTS of.ACIA to high to 
ase [ prohibit sending data from console 
typewriter 


Test if bit 
0 or status 
register 


(SR) is 1 Read input data from received data 
* RDR —® keydat |---:--- register 


a 





Figure 4-12. ACIA Control (Receiving Serial Data) 


When data reception has been completed, set signal RTS to high to prohibit next data transfer. 
Finally, store received data from RDR of ACIA in key data buffer. 
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1. Receive Data Module Library Function: expi 
PAD 





Test if data reception Set signal RTS to 
has been completed high 


(*SR&1) !=0) 0xd5 —® +*CR 


Store received data 
in key data buffer 
* RDR — keydat 


Set flag indicating 
data received 
Oxff —P  keydr 


Set signal RTS to 
low 
0x95 <— *CR 


Figure 4-13. Receive Data PAD 
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2. Send Data Module | Library Function: expout 
Function 


The send data module sends data to console the typewriter. 


Arguments 
Contents Storage Location No. of Bytes 
Entry Data to be sent outdat 2 
_ (global variable) 
Returns —- — — 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31LIB. OBJ Not required 
Run-Time Routine C31RUN. OBJ Required 


C31RUNF. OBJ Not required 


Specifications 

ROM (bytes): 15 

RAM (bytes): 2 

Stack (bytes): 0 

No of cycles: 30 (Note) 
Reentrant: No 
Relocatable: No 
Interruptible: Yes 


Note: "No. of cycles" indicates the number of cycles required when TDR is empty. 


© HITACHI 
1201, 





2. Send Data Module } Library Function: expout 
Description 


Function Details 
Argument Details: Global variable ‘outdat' holds data to be sent in ASCII to a console typewriter. 


Example: Figure 4-14 shows an example of program module ‘expout' execution. If entry argument 
is as shownin @, the console typewriter prints it as shown in @. 
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2. Send Data Module Library Function: expout 
External Routine: Program module 'expout' does not call any other program modules or 
subroutines. 


User Notes 


1. Initialize ACIA because ACIA is controlled by the microcontroller. After initialization the ACIA 
can transfer data to the console typewriter. 

2. If previous data remains in TDR, program module 'expout' will not be executed until TDR is 
cleared, so as not to destroy the remaining data. 


Global variable 445  outdat 
G1) Before execution ‘outdat'’ 
entry argument (sending data 
A) 


b0 


(2) After execution 





Figure 4-14. Program Module ‘expout' Execution Example 


Variable Description 


The global variable is stored in static memory (figure 4-15). 


Variable 
Name RAM Description 





b15 bo 
outdat | t—SY } Contains character data to be sent to 
console typewriter 


Figure 4-15. Global Variable Storage 
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2. Send Data Module | Library Function: expout 





Sample Application 


Program module ‘expout' is called after ACIA is initialized and data to be sent is stored (figure 4-16). 


i Initialize ACIA 


} Store data to be send in entry argument 


Call expout 





Figure 4-16. Sample Application 


Basic Operation 


1. Figure 4-17 shows how to control ACIA to send data. 


Check bit 1 of status register (TDRE) to test if 
transmit register is empty (TDRE = 1 : empty) 


while (( * SR & 2) ! = 1) outdat — *TDR 


[ Load data to be sent into 


L transmit register 





figure 4-17. ACIA Control (Sending Serial Data) 


2. Test if bit 1 of status register (TDRE) is "0" or "1". When TDRE is "1", store data to be sent in 
TDR. When TDRE is "0" , wait until TDRE becomes "1", because TDRE = 0 means data remains 
in TDR. 
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2. Send Data Module Library Function: expout 
PAD 





Test if TDR is empty Store data to be sent in 
(TDRE = 1) TDR in ACIA and send data 


while ((* SR & 2) !=0) outdat —-P * TDR 


Return 





Figure 4-18. Send Data Module PAD 
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3. Diagram Characters Module Library Function: expdsp 


Function 


The display characters module stores ASCII in (DDRAM) LCD-II display RAM, and displays 
characters on liquid crystal display. 


_ Arguments 
Contents | Storage Location No. of Bytes 
Entry Display data dspdat  — 2 
(ASCII) | (global variable) 
_ Returns 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31LIB. OBJ Not required 
Run-Time Routine C31RUN. OBJ Required 


C31RUNF. OBJ Not required 


Specifications 

ROM (bytes): 144 

RAM (bytes): 2 

Stack (bytes): 0 

No of cycles: 189 (Note) 
Reentrant: No 
Relocatable: No 
Interruptible: Yes 


Note: "No. of cycles" in "Specifications" indicates the number of cycles when subroutine expbsy 


executes in the minimum cycles. 
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3. Display Characters Module Library Function: expdsp 


Description 
Function Details 
Argument Details: Global variable 'dspdat' holds display data as 1 ASCII byte. 


Example: Figure 4-19 shows an example of program module 'expdsp' execution. If entry argument 
isas shownin Q, 'expdsp' displays characters on the liquid crystal as shown in @. 


External Routine: Program module 'expdsp' calls other program modules and subroutines, as 
shown in table 4-4. 


Table 4-4. Program Modules and Subroutines Called in ‘expdsp' 


Program Module/ Function 
Subroutine Name Name Function 
CHECK BUSY FLAG _~ expbsy Checks LCD-II busy flag 


Global variable p15 dspdat bO 
@) Entry ‘dspdat' 
argument =) (Display data 'A’) 


Liqui Displays A 


@) Result 





Figure 4-19. Program Module expdsp Execution Example 
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3. Display Characters Module | Library Function: expdsp 
User Notes | Oo | 


1. Initialize PIA because PIA is controlled by external extension, and LCD-II is controlled using PIA 
port. | 7 
2. Initialize LCD-II by executing program module expint. 


Variable Description 


The global variables are stored in static memory (figure 4-20). 


Variable Name RAM 


b15 Description 


bo 
dspdat } Contains display data 





Figure 4-20. Global Variable Storage 
Sample Application 


Figure 4-21 shows a sample application using 'expdsp'. 


* CRA 

* DDRA 

* CRA 

* PIRA ; Select port A and port B of PiA as 


eooeveveaeeneod 


* CRB ; output ports 
* DDRB : | 


* CRB 
func 
entry Oe Se Initialize LCD-II 
expint ( 
dspdat = iat Gee Store display data in entry argument 


J expdsp (sf verre Call expdsp 





Figure 4-21. Sample Application 
Basic Operation 


1. Calls subroutine expbsy and waits until LCD-II can receive instructions. 


2. When LCD-II can receive instructions, the routine controls signals RS, R/W, and E in LCD-II 
using PIA port A, and the display data, stored in port B of the PIA, in LCI-II to display characters 
on a liquid crystal display. 


© HITACHI 
1208 


3. Display Characters Module Library Function: expds 
PAD 





Execute 'expbsy' 
function to check 
busy flag 
expbsy (_ ) 


Set signals RS =1, R/W =0, E=0 
Ox 04 —® * PIRA 


Set signals RS = 1, RPW=0, E=1 
Ox 05 —® * PIRA 


Write display data to LCD-II 
dspdat —— * PIRB 


Set signals RS = 1, R/W =0, E=0 
Ox 04 —® *PIRA 


Set signals RS = 0, RW = 1,E=0 
Ox 02 ——® *PIRA 


Figure 4-22. Display Characters Module PAD 
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4. Initialize LCD-II Module ___Library Function: expint 


Function 


The initialize LCD-I module initializes the LCD-II. 


Arguments 
Contents | Storage Location No. of Bytes 
Entry Function func 2 
data (global variable) 
Entry mode entry 2 
data (global variable) 
Returns 


Libraries Required for Program Execution 


Library Required/Not Required 
Standard Library Function C31LIB. OBJ Not required 
Run-Time Routine C31RUN. OBJ Required 


C31RUNF. OBJ Not required 


Specifications 

ROM (bytes): 151 

RAM (bytes): 8 

Stack (bytes): 4 | 
No of cycles: 541,162 (Note) 
Reentrant: No 

Relocatable: No 
Interruptible: Yes 


Note: "No of cycles" in "Specifications" indicates the number of cycles needed when subroutine 


expbsy executes in the minimum number of cycles. 
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4. Initialize LCD-II Module Library Function: expint 


Description 
Function Details 


Argument Details: Global variable 'func' holds function data (0 x 30) for LCD-II instructions 
Global variable ‘entry’ holds entry mode data (o x 60) for LCD-II instruction. 


Functions: Program module expint initializes LCD-II with instructions, clears display and selects 
the following functions. 


e Interface data length: 8 bits. 
¢ Display line: 1. 

¢ Character font: 5 x 7 dots. 

e Duty rate: 1/8. 

¢ DDRAM address increment. 
e Display shift: no. 


External Routines: Program module expin calls other program modules and subroutines as shown 
in table 4-5. 


Table 4-5. Program Modules and Subroutines Called in ‘expint' 


Program Module/ 


Subroutine Name | Function Name _ Function 

STORE INSTRUCTIONS setins Stores instructions in LCD-II 

CHECK BUSY FLAG expbsy Checks LCD-II busy flag 
© HITACHI 
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4. Initialize LCD-II Module Library Function: expint 
User Notes _ 


Initialize PLA to control LCD-II through PIA external expansion I/O ports. 
Variable Description 


The global variables are stored in static memory (figure 4-23). 


Variable Name 


b15 
insdat Contains instruction data 


Description 


tnent Contains counter for initializing LCD-I!__ 


Contains instruction (0 x 30) for writing 
functions 

entry Contains instruction (0 x 06) for writing | 
in entry mode 


func 





Figure 4-23. Global Variable Storage 
Sample Application 


Call program module ‘expint' after initializing PIA and storing entry argument (figure 4-24). 


Initialize PIA 


Store LCD-II instruction data in entry 
argument (func entry) 


Call expint 





Figure 4-24. Sample Application 
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4. Initialize LCD-II Module — Library Function: expint 
Basic Operation 


Figure 4-25 and 4-26 show PIA control. 
Control of PIA is shown in Figs. 12 and 13. 
In figure 4-25, port A outputs data (0 x 80). In figure 4-26, port A inputs data. 


Note that this control method applies to the circuit diagram in figure 4-1, and the Memory Map in 
Figure 4-2. 


Sets bit 2 of port A control register to "0" to select 
* CRA=0x00; port A data direction register. CRA is allocated at 
0 x A001, soRS1 =0, RSO=1 


* DDRA=O0x ff: Stores 0 x FF, to select port A data, 


direction register as output register 


Sets bit 2 of port A control register to "1" to select 
© SCH = O04 port A peripheral interface register A 
: Outputs 0 x 80 from port A by writing 
ot ee os 0 x 80 into peripheral interface register 





Figure 4-25. PIA Control (Port A: Output port) 


Sets bit 2 of port A control register to "0" to select 
* CRA=0x00; port A data direction register 


CRA is allocated at 0 x A001, so RS1= 0, RSO = 1 


* DDRA=0x00: Stores 0 x 00, to select port A data 


direction register as input register 


Sets bit 2 of port A control register to "1" to select 
* CRA=0x 04; port A peripheral interface register A 

[ Loads data input from peripheral 
acca= * PIRA; interface register A into acca 





Figure 4-26. PIA Control (Port A: Input port) 
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4. Initialize LCD-II Module — | __ Library Function: expint 
Function data (0 x 30) must be written 3 times into LCD-II as shown below to ensure LCD-II internal 
reset. Afterwards, the LCD-II busy flag can be checked to select function (figure 4-27). 


Reset LCD-II 


Wait more than 15 ms 
Transfer 0 x 30 
Wait more than 4.1 ms 


Transfer 0 x 30 
Wait more than 100 ps 
Transfer 0 x 30 





Figure 4-27. LCD-II Reset 


Data shown in table 4-6 is transferred to LCD-II using subroutine 'expins'’. 


Table 4-6. LCD-II Initialization 


Data Function 
0 x 30 Interface length: 8 bits 
0x0Ol Clears display, sets DDRAM address to 0 x 00 
0 x 08 Turns off display 
0x06 Specifies cursor direction right 
Does not shift display 
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4. Initialize LCD-IT Module Library Function: expint 
PAD 





Initialize counter to ee 
loop three times Call ‘expit’ function 


Execute 'setins' function Execute expins function 
to store function data to set instruction 

in insdat. expins (0 x 30) 

¢ Interface data length: 8 bits 

¢ Display line: 1 

« Character font: 5 x 7 dots 

¢ Duty rate: 1/8 

func ——_insdat 


Execute 'setins' function to store instruction data 
(display on/off control) in insdat (display off, 

no cursor display, no blink) 

0 x 08 —— insdat 


Execute 'setins' function to store 
(display clear) in insdat 
0 x 01 —— insdat 


Execute 'setins' function to store instruction data 
(entry mode) in insdat (DDRAM address increments, 
cursor moves right and display) does not shift) 

entry ——® insdat 





Figure 4-28. Instruction LCD-II Module PAD 
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5. Software Timer Subroutine - Library Function: expit 


Function 

The software timer subroutine times a 15 ms delay used in LCD-II initialization. 
Basic Operation 

The software timer uses a register to calculate the delay. 

PAD 


Program Module That Uses This Function 


The 'expint' function uses the ‘expit’ subroutine. 


#3—P ACCA 


(ACCA) = 0 #15000 ——® IX 


(ACCA) = 1 
— ACCA 


Figure 4-29. Software Timer Subroutine PAD 
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6. Check Busy Subroutine Library Function: expbsy 
Function 


The check busy flag subroutine checks the LCD-II to get if it is in operation. 
When the LCD-II is in operation, subroutine expbsy loops. 


Basic Operation 


When LCD-II is in operation, it cannot receive data from the MCU. The check busy flag subroutine 
checks the busy flag to determine the LCD-II operating condition. 


When signals RS, R/W, and E are set to low, high, and high respectively, the most significant bit of 
the LCD-II data bus (DBo-DB7) becomes the busy flag. 

Executes subroutine expbsy while busy flag is "1". 

In case of "O", it goes to the next process. 


PAD 
Program Module That Use This Function 


The 'setins' and 'expdsp' functions use the ‘expbsy' subroutine. 


Select DDRB 
0x00 —® * CRB 


Select PIB as input 
0x00 —® * DDRB 


Select PIRB 
0x04 —® * CRB 


Set signals RS = 0 
RW =1,E=0 
0x02 —® * PIRA 


Set signal E to high 
0x03 —® * PIRA 


flag is "0" 


Loop until busy 
while (0 x 80 == 


Select DDRB Read LCD-II busy 
0x00 —® * CRB flag 


Select PIB as output Set signal E to low 
Oxff —® * DDRB 0x02 —® * PIRA 


Select PIRB Check busy flat 
0x04 «CRB acca & 0 x 80 





Figure 4-30. Check Busy Subroutine PAD 
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7. LCD-IL: Instruction Set Subroutine 


Library Function: expins 
Function | | | gg tx 


The LCD-I instruction set subroutine stores instructions in the LCD-II by setting control signals (RS, 
R/W, F) in LCD-II and the data bus using the PIA I/O port. 


Basic Operation 

The LCD-I instruction set subroutine outputs data from PIA port A to set signals RS, R/W, and E to 
low. a | Oo | a ee 
When signal E is set from high to low, data that is stored in port B of PIA is stored in the LCD-I. 
PAD 


Program Module That Uses This Functon 


The ‘expint' function uses the 'expins’ subroutine. 
expits 


Set signals RS = 0, 
R/W = 0, E=0 
0x00 ——® * PIRA 


Set signal RS = 0, 
R/W = 0, E=1 
0x01 ——® * PIRA 


Store instructions 
-inLCD-l 
insdat ——- * PIRB 


Set signals RS = 0, 
RW=0,E=0 | 
0x00 —— * PIRA 


Return 





Figure 4-31. LCD-II Instruction Set Subroutine PAD 
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8. LCD-II Data Transfer/Receive Subroutine Library Function: setins 


Function 


The LCD-H data transfer/receive subroutine checks the LCD-II busy flag and stores instuction data in 


insdat. 
Basic Operation 


The LCD-II data transfer/receive subroutine calls the 'expbsy' function to check the busy flag. It then 
executes the 'expins' function to store instruction data in ‘expins’. 


PAD 
Program Module That Use This Function 


The ‘expin' and, ‘expint' functions use the 'setins' subroutine. 


Execute expbsy function 

Test if the LCD-II is in operation 
by checking busy flag 

expbsy ( ) 


Execute expins function to 
store instruction in insdat 
expins (insdat) 





Return 





Figure 4-32. LCD-II Data Transfer/Receive Subroutine PAD : 
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4.4 Program Listing| 


4.4.1 Main Program Listing 


«#* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 #«# 


ERR 


1220 


SEQ 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010P 
00011P 
00012P 
00013P 
00014P 
00015 
00016 
00017 
00018 
00019 
00020P 
00021P 
00022P 
00023P 
00024P 
00025P 
00026P 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038P 
00039P 
00040 
00041 
00042 
00043 
00044 
00045 
00046A, 
00047 
00048A 
00049A 
00050A 
00051A 
00052A 
00053A 
00054A 
00055A 
00056A 


LOC OBJECT 


0000 
0000 
0003 
0006 
0007 


OOOA 


000C. 


OOOF 
0010 
0012 
0013 
0015 


0016 
0019 


BD 
3B 


OOFF A 
0000 A 
0000 A 
03 A 
3A98 A. 
FD OOOF 
F7 000C 
0000 A 
0000 P 
0000 P 
0000 P 
0000 P 
0000 P 
0000 P 
0000 P 
0016 P 
0000 P 


PROGRAM 
(Ae RRRERERRERRERERERE RR ERERERER ERE RE RR RRR RRR RRR REE eee eee! 
* * 
* * 
# MAIN PROGRAM EXPMN * 
* * 
BEE EEE EEE ERE ENR HEHEHRREHHHHHREEEHREERHE SD 

OPT REL 

XREF PSCT:MAIN,PSCT: EXPIP, PSCT:EXPIN 

XDEF EXPIT 

PSCT 
EXPMN LDS #$SFF Set stack pointer 

JSR EXPIN Initialize PIA, ACIA, and LCD-II 

CLI ° Enable interrupt 

JSR MAIN Branch to main routine 
SHHHHKSHEREHEEEHKEEEREHEEESHKEHRHEHEEKEEHEKRHRHEEHHREKEEREEHEEHEHHEHRHEHRHERHHEHE HH 
. * 
* NAME EXPIT (INITIALIZE LCD-2) * 
* * 
SAH KHEHHEEEEHREHEHRHEEHEEEHEHEHHEEHEHEREEEHREHRHRHHHEHEHERHHRHEE EHH 
EXPIT LDAA #3 Execute 15ms software timer 
EXPIT1 LDX #15000 
EXPIT2 DEX 

BNE EXPIT2 

DECA 

BNE EXPIT1 

RTS 
HAHRASKRHSAHHRKEKEHRHEEKESEHSHHHKHEEHHEKEHEHHEEHREHRHSEEHSERHRHRHHRKEARHEHHEHREHHHHEHAHEE EH HE 
# ; * 
# NAME EXPIP (RECEIVE DATA) * 
% : * 
SHES KHESHSEREHRHEBREKRHRHERHEKHEKHEHREEHEHHHEKHREKRHSHEHRHHEEEHEHRHREHRHRHHEHEH EAE EH 
* * 
* ENTRY NOTHING * 
# RETURNS KEYDAT (RECEIVED DATA) * 
* KEYDRF (RECEIVED FLAG) * 
* * 
SHEBRHSKEEKRSEHEHSHHHAEHEKEEHEHRHEHEHREHRHEHRERHESRHRHEHRERHREHEHRHEEREHHRERERHEHREEHE 
EXPINP JSR EXPIP Receive data from console 

RTI | Return from interrupt 
HPHEKHHAEHEEAHEEEEREREEEEEEEHRE MEME EEEHEHHHEKRHEHEEREHEEHSE 
* : = * 
# VECTOR ADDRESS * 
* : . * 
HAHAHAHAHA SHESHHHRHEH HEHEHE HEHHHHEHHHEHHHHEHHRRHRHHREH HEHE 
. 

ORG $FFEA 
& . 

FDB EXPMN IRQ2 

FDB EXPMN CMI 

FDB EXPMN TRAP 

FDB EXPMN SIO 

FDB EXPMN TOL 

FDB EXPMN OCI 

FDB EXPMN ICI 

FDB EXPINP IRQ1 

FDB EXPMN SWI 
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**#* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ### 


ERR 


OOO57A FFFC 


LOC OBJECT PROGRAM 
0000 P FDB EXPMN 
0000 P FDB EXPMN 
+ 
END 


#*#* TOTAL ERRORS 00000--00000 
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NMI 
RES 
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4.4.2 C Source Listing 
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# « / 
/HHHHHHHHHHRHHHHHHHEHEDECLARATION OF DEFINE we eee eee eee eee / 
/* «/ 
#define PSCR ((char#)0x14) /* Port5 control register #/ 

#define DDRA ((char#)0OxA000) /* Data direction register A(PIA) #/ 
#define CRA ((char#)0xA001) /* Control register A(PIA) #/ 

#define DDRB ((char*#)0OxA002) /* Data direction register B(PIA) #/ 
#define CRB ((char*)0OxA003) /* Control register B(PIA) *#*/ 

#define PIRA DDRA 7* Peripheral register A(PIA) #/ 

#define PIRB DDRB /* Peripheral register B(PIA) #/ 

#define CR ((char#)OxCO00O) /* Control register (ACIA) #/ 

#define SR CR /* Status register (ACIA) #/ 

#define RDR ((char*)0xC001) /* Receive data register (ACIA) #/ 
#define TDR RDR /* Transmit data register (ACIA) +*/ 

/* «/ 
/eHHHHHHHH HEHEHE HH EDECLARATION OF GLOBAL VARIABLES « « # & & # & % a a oo oot eee eee ee ee ee / 
/* «/ 
static direct int outdat; /* Transmit data #/ 

static direct int dspdat; /* Display data «#«/ 

static direct int keydrf; /* Flag of receive data #/ 

static direct int keydat; /* Receive data #/ 

static direct int tnent; /* Counter for initializing LCD-II «*/ 
static direct int func; /* Function data */ 

static direct int entry; /7* Entry mode data «/ 

VES ERR REPEC S PERSE SEEEEESS ER OS ES EEP ESE SESS eee, 
/* »/ 
/* MAIN ROUTINE : MAIN (DISPLAY INPUT DATA FROM CONSOLE ON BOTH LCD-2 «*/ 
/* AND CONSOLE) «/ 
/* « / 


VARESE SE CECE S ESSE SEES SESE PEPE Eee 


main() 7* Display input data from console on both LCD-II and console #/ 
{ 


while (1) { /* Continuous loop #/ 
if (keydrf!=0) { /* Test if data is received #/ 
if (keydat>='a' && keydat<='z') 
keydat-=0x20; /* Change lower case to upper #/ 


keydrf=0; /* Clear flag of receive data #/ 
*CR=0x95; /* Set RTS=low #/ 
outdat=dspdat=keydat; /*« Set output data in area «/ 
expout(); /* Transmit data to console #/ 
expdsp(); /* Display characters on LCD-II #/ 
} 
} 
} 
// He 4 HE Ha He ee eae HE HEH HEH HH EERE EEE Ee / 
/* */ 
/* NAME : EXPIN (INITIALIZE PIA,ACIA AND LCD-2) «/ 
/* * / 


ACES SPORE C OSES EEE ES SECC CPSC PEP SPECS SECC CSE SSS CESSES SESS CESSES EEE 


expin() 
{ 


outdat=dspdat=kKeydrf=keydat=tnent=func=entry=0; /* Initialize */ 
*CRA =0x00; /* Select data direction register A #/ 
*DDRA=Oxff; /* Select port A as output #/ 
*CRA =0x04; /* Select peripheral register A #/ 
*PIRA=0x02; /* Set RS=0, R/W=1, E=0 #/ 
*CRB =0x00; /* Select data direction register B */ 
*DDRB=Oxff ; /* Select port B as output #/ 
*CRB =0x04; /* Select peripheral] register B #«/ 
func=0x30; /* Set function data #«/ 
entry=0x06; /* Set entry mode data #/ 
expint(); /* Initialize LCD-II #«/ 

setins(0x0Oe) ; /* Set instruction to LCD-II «#/ 
*CR=0x97; /* Master reset of ACIA #/ 
*CR=0x95; /* Initialize ACIA «#*/ 
*P5CR=O0Ox7d; /* Initialize port 5 «#/ 

© HITACHI 


} 


[He 3 eA ae eae Ae ae SHE Hae HE Ee gE eae HEE HE Hee ae Ea ae Hae eae aaa ae ae ee ete / 


/* «/ 
/* NAME : EXPIP (RECEIVE DATA) a / 
/* * / 
RACES ERCESESEOCEESSCILOCSESSOCCCOCSCOCOSOCCOCSSCOCOSCCOOCCOSS ECCS SEES eee ee 
/ «/ 
/* ENTRY >: NOTHING «/ 
/* RETURNS : KEYDAT (RECEIVED DATA) « / 
/* : KEYDRF (RECEIVED FLAG) «/ 
/* * / 


eee e CPP PERSE CERES S SESE SECRETS CEES 


expip() 
{ 


if ((*SR&1)!=0) { /* Test if data is received +*«/ 
*CR=Oxd5; /* Set RTS=high */ 
keydat = #RDR; /* Set receive data #/ 
keydrf=Oxff; 7* Oxff if receive data is set #/ 
#CR=0x95; /* Set RTS=low #/ 
} 
} 
VASES CSCS CSRS ECCS SSCS ES CESSES ECCS ECE C SCEPC OSES CE COSOSE CCC OCOSICS ES SOS ECS, 
/* « / 
/* NAME : EXPINT (INITIALIZE LCD-2) « / 
/* */ 
ASCE P SERCO PP PPP eee eee eee eee ee ee See CeCe eee eee ee eee 
/* x / 
/* ENTRY : FUNC (FUNCTION DATA) «/ 
/* > ENTRY (ENTRY MODE DATA) « / 
/* RETURNS : NOTHING a / 
/* */ 


/ te ee ae Hee EEE EHH  / 


expint() 


for(tnent=0;tnent<3;tnent++) { /* Reset LCD-II three times +#/ 
expit(); /* Execute 15ms software timer */ 
expins(0x30); /* Write function data to LCD-II #/ 
} 
*PIRA=0x02; /* Set R/W=1 #/ 
setins(func); /* Set function data to LCD-II */ 
setins(0x08) ; /* Set instruction (display off) «*/ 
setins(0x01); /* Set instruction (display clear) #/ 
setins(entry); /* Set entry mode data +«*/ 
| 
SCAR O REPEC PCC PPPS Ce ES eee ee eee eee SCPE EEC SSS CSSCSOSSSCLSOSCSCOC SLCC ESS 
/* 3 | | #/ 
/* NAME : EXPDSP (DISPLAY CHARACTERS) «/ 
/* */ 
ASSP CRSP CCS CPP ee eee eee ESE C SSCS SE COS SICC ESCO SOLS SES SST eee eS Sg, 
/* */ 
/* ENTRY : DSPDAT (DISPLAY DATA) # 
/* RETURNS : NOTHING «/ 
/* */ 


At ete eee ee CESSES SSCS SS SS SCS STS E SSCS SSSLSTSCTELOCTSCL SILC OCC SC CE SS, 


© HITACHI 
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expdsp() 
{ 


expbsy(); /* Check busy flag «/- 

#PTRA=0x04; /* Set RS=1, R/W=0, E=0 «/ 

#PIRA=0x05; /* Set E=1 #«/ 

*PITRB=dspdat; /* Output data to LCD-II +#/ 

*PIRA=0x04; /* Set E=0 #/ © 

*#PTRA=0x02; /* Set R/W=1 */ 
; 
/ HEE RE HREEEHHEEEHHEHEEEEEHHH HEHEHE / 
/* «/ 
/* NAME : EXPOUT (SEND DATA) «#/ 
/* «/ 
VES SEC E SESE C OSES ES SEES ECE CERES SESE SEC CCE CESSES CCC CeCe ee eee ES 
/* «/ 
/* ENTRY : OUTDAT (DATA TO BE SENT) « / 
/* RETURNS : NOTHING #/ 
/* « / 


VERSES SSCS SEES ee CSCS ESSER SCS SE eee e sr 
expout() 


while((#SR&2) !=0) /* Transmission has been completed +«/ 
*«TDR=outdat; /7* Set transmit data in TDR «/ 
} 1 
VERE SURES SRS ESE E ES SECS eee See eee ECCS eee Eee eee. A 
/* ; #/ 
/* NAME : EXPBSY (CHECK BUSY FLAG) « / 
/* «/ 


/SAHHHHREEEHHHEEEHEEE HEHEHE EHH EHHEREHE EEE EHH EEE HEHEHE / 


expbsy() 
{ 


int acca=0x80; 
*«CRB=0x00; /* Set data direction register B «/ 
*DDRB=0x00; /* Select port B as input #«/ 
#*CRB=0x04; /7* Select peripheral register B #/ 
*#*PTRA=0x02; /* Set RS=0, R/W=1, E=0 «#/ 
do { 
*PTRA=0x03; /* Set E=1 +*#/ 
acca=#PIRB; a /* Set PIRB in working area «/ 
*PTRA=0x02; /* Set E=0 «#/ 
acca & = 0x80;  f* Read busy flag «#«/ 
} while (acca==0x80); 
*CRB=0x0; | /* Select data direction register B */ 
*«DDRB=Oxff; /* Select port B as output #«/ 
*#CRB=0x04; /* Select peripheral register B #/ 
Y eiasedaiswhbae Gudauucaaddac sn seus ei eua ese: ato A Ea ee: 
/* «/ 
/* NAME : EXPINS (STORE INSTRUCTION) af 
# * 
ck cuwadwunisedaasqueaaae tania Wnaieiensiaamelast is tadeeegeanaeeaeiaateesie 
expins(insdat) 
int insdat; 
{ 
*#PIRA=0x00; /* Set RS=0, R/W=0, E=0 #/ 
*PTRA=0x01; /* Set E=1 #/ 
*«PIRB=insdat; /* Set instruction in peripheral B #/ 
*«PTRA=0x00; /*Set E=0 «/ 
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} 
te He Me eae ae A aE Ae EA aE Ea HH HE Hee / 
/* «/ 
/* NAME : SETINS (SET INSTRUCTION TO LCD-2) ® ai, . #/ 
/* «/ 
EE thd hek dteh tehehateheh tek hekehedeh tated telahekehtekedtehehteh dehehetehehaloketatehtehetekehekehel teleietahahelekeliatebaheteheietehehel A 
setins(insdat) 
int insdat; 
{ 

expbsy(); 

expins(insdat) ; 
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4.4.3 Output Object Listing of C Compiler 
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### CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 + # 


ERR SEQ 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 


LOC OBJECT PROGRAM EXPC 
NAM EXPC 
OPT REL 
MSEX MACR 
CLRA 
TSTB 
BPL \.0 
COMA 
\.0 EQU «# 
ENDM 
MLBRA MACR 
JMP \O 
‘-ENDM 
MLBSR MACR 
JSR \O 
ENDM 
MLBEQ MACR 
BNE \.0 
JMP \O 
\.0 EQU # 
ENDM 
MLBNE MACR 
BEQ \.0 
JMP \O 
\.0 EQU »# 
ENDM 
MLBGT MACR 
BLE \.0 
JMP \O 
\.0 EQU « 
ENDM 
MLBGE MACR 
BLT \.0 
JMP \O 
\.0 EQU * 
ENDM 
MLBLT MACR 
BGE \.0 
JMP \O 
\.0 EQU « 
ENDM 
4 MLBLE MACR 
BGT \.0 
JMP \O 
\.0 EQU «# 
ENDM 
MLBHI MACR 
BLS \.0 
JMP \O 
\.0 EQU # 
ENDM 
MLBLS MACR 
BHI \.0 
JMP \O 
\.0 EQU « 
ENDM 
MLBCC MACR 
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##* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##«# 


ERR SEQ LOC OBJECT PROGRAM EXPC 
00057 BCS \.0 
00058 JMP \O 
00059 \.0 EQU # 
00060 ENDM 
00061 MLBCS MACR 
00062 BCC \.0 
00063 JMP \O 
00064 \.0 EQU «# 
00065 ENDM 
0O0066B 0000 BSCT 
00067B 0000 0002 A OUTDAT BSZ 2 
00068B 0002 BSCT 
00069B 0002 0002 <A DSPDAT BSZ 2 
00070B 0004 BSCT 
00071B 0004 0002 A KEYDRF BSZ 2 
00072B 0006 BSCT 
00073B 0006 0002 A KEYDAT BSZ 2 
00074B 0008 BSCT 
00075B 0008 0002 A TNCNT' BSZ 2 
00076B OOO0A BSCT 
00077B OOOA 0002 A FUNC BSZ 2 
00078B OO0C BSCT 
00079B O00C 0002 A ENTRY BSZ 2 
00080P 0000 PSCT 
00081P 0000 20 31 0033 BRA - S$A002 
00082P 0002 DC 04 B .$A003 LDD KEYDRF 
00083P 0004 27 2D 0033 BEQ . $A004 
00084P 0006 DE 06 B LDX KEYDAT 
OOO85P 0008 8C 0061 A CPX #97 
00086P O00B 2D OE O001B BLT -$A005 
00087P O000D DE 06 B LDX KEYDAT 
O0OO088P OOOF 8C OOTA A CPX #122 
OOO89P 0012 2E O07 0O01B BGT .$A005 
OOO90P 0014 DC O6 B LDD KEYDAT 
00091P 0016 83 0020 A SUBD #32 
00092P 0019 DD O06 B STD KEYDAT 
00093P 001B 4F .$A005 CLRA 
00094P 001C SF CLRB 
O0095P 001D DD 04 B STD KEYDRF 
OOO96P O001F CE CO0O0 A LDX #-16384 
OOO097P 0022 CC 0095 A LDD #149 
00098P 0025 ET 00 A STAB 0,X 
OOO99P 0027 DC O06 B LDD KEYDAT 
00100P 0029 DD 02 B STD DSPDAT 
00101P 002B DD OO B STD OUTDAT 
00102P 002D MLBSR EXPOUT 
00103P 0030 MLBSR EXPDSP 
00104 0033 P .$A004 EQU # 
00105 0033 P MAIN EQU # 
00106P 0033 20 CD 0002 .$A002 BRA - $A003 
00107P 0035 39 RTS 
00108P 0036 PSCT 
00109P 0036 4F EXPIN CLRA 
00110P 0037 SF CLRB 
00111P 0038 DD OC B STD ENTRY 
00112P 003A DD OA B STD FUNC 
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##« CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER 


ERR 


SEQ 


00113P 
00114P 
00115P 
00116P 
00117P 
00118P 
00119P 
00120P 
00121P 
00122P 
00123P 
00124P 
00125P 
00126P 
00127P 
00128P 
00129P 
00130P 
00131P 
00132P 
00133P 
00134P 
00135P 
00136P 
00137P 
00138P 
00139P 
00140P 
00141P 
00142P 
00143P 
00144P 
00145P 
00146P 
00147P 
00148P 
00149P 
00150P 
00151P 
00152P 
00153P 
00154P 
00155P 
00156P 
00157P 
00158P 
00159P 
00160P 
00161P 
00162P 
00163P 
00164P 
00165P 
00166P 
00167P 
00168P 


LOC 


003C 
003E 
0040 
0042 
0044 
0046 
0049 
004B 
004E 
0051 
0053 
0056 
0059 
005B 
OOSE 
0061 
0063 
0066 
0067 
0068 
OO6A 
006D 
0070 
0072 
0075 
0078 
OO7A 
007D 
OO7F 
0082 
0084 
0087 
008A 
008D 
0090 
0093 
0095 
0098 
009B 
009D 
O0OAO 
00A3 
OOA5S 
OOA6 
OOA6 
OOA9 
OOAB 
0OBO 
00B1 
00B3 
OOB5 
OOB8 
OOBB 
OOBD 
00CO 
00C2 


OBJECT 


DD 
DD 
DD 
DD 
DD 
CE 
E7 
CE 
CC 
ET 
CE 
CC 
E7 
CE 


CC 


E7 
CE 
4F 
SF 
E7 
CE 
CC 
ET 
CE 
CC 
ET 
CC 
DD 
CC 
DD 


CC 


CE 
CC 
ET 
CE 
CC 
E7 
CE 
CC 
ET 
39 


CE 
E6 


4F 
C4 
27 
CE 
CC 
E7 
CE 
E6 


08 
06 
04 
02 
00 
A001 
00 
A000 
OOFF 
00 
AOO1 
0004 
00 
A000 
0002 
00 
A003 


PPrPrrPr rrr rrr rnmanwnnwn 


00 
A002 
OOFF 
00 
A003 
0004 
00 
0030 
OA 
0006 
oc 


OOOE 


C000 
0097 
00 
C000 
0095 
00 
0014 
007D 
00 


PPPrP rrr rr PF DP OPP rrr rr YS 


C000 
00 


> > 


01 A 
21 OOD6 
C000 
00D5 
00 

C001 
00 


td a 


PROGRAM EXPC 


STD 
STD 
STD 
STD 
STD 
LDX 
STAB 
LDX 
LDD 
STAB 
LDX 
LDD 
STAB 
LDX 
LDD 
STAB 
LDX 
CLRA 
CLRB 
STAB 
LDX 
LDD 
STAB 
LDX 
LDD 
STAB 
LDD 
STD 
LDD 
STD 
MLBSR 
LDD 
MLBSR 
LDX 
LDD 
STAB 
LDX 
LDD 
STAB 
LDX 
LDD 
STAB 
RTS 
PSCT 
LDX 
LDAB 
MSEX 
CLRA 
ANDB 
BEQ 
LDX 
LDD 
STAB 
LDX 
LDAB 
MSEX 


EXPIP 


TNCNT 
KEYDAT 
KEYDRF 
DSPDAT 
OUTDAT 
#-24575 
0,X 
#-24576 
#255 
0,X 
#-24575 
#4 

0,X 
#-24576 


ENTRY 
EXPINT 
#14 
SETINS 
#-16384 
#151 


0,X 


#-16384 
#149 
0,X 

#20 
#125 
0,X 


#-16384 
0,% 


#1 

. $A008 
#-16384 
#213 
0,X 
#-16383 
0,X 


\ 
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V1.2 «He 


x## CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ### 


ERR 


SEQ 


00169P 
00170P 
00171P 
00172P 
00173P 
00174P 
00175P 
00176P 
OO177P 
00178P 
00179P 
00180P 
00181P 
00182P 
00183P 
00184P 
00185P 
00186P 
00187P 
00188P 
00189P 
00190P 
00191P 
00192P 
00193P 
00194P 
00195P 
00196P 
00197P 
00198P 
00199P 
00200P 
00201P 
00202P 
00203P 
00204P 
00205P 
00206P 
00207P 
00208P 
00209P 
00210P 
00211P 
00212P 
00213P 
00214P 
00215P 
00216P 
00217P 
00218P 
00219P 
00220P 
00221P 
00222P 
00223P 
00224 


LOC 


00CT 
00C9 
0O0CC 
OOCE 
OOD1 
00D4 
0OD6 
OODT 
OODT 
00D8 
00D9 
OODB 
OODE 
OOF1 
00E4 
OOE6 
OOE9 
OOEB 
OOED 
OOFO 
OOF2 
OOFS 
OOF8 
OOFA 
OOFC 
OOFF 
0102 
0105 


OBJECT PROGRAM EXPC 
DD 06 B STD KEYDAT 
CC OOFF A LDD #255 
DD 04 B STD KEYDRF 
CE C000 A LDX #-16384 
CC 0095 A LDD #149 
E7 0O A STAB 0O,X 
39 -$A008 RTS 
PSCT 
4F EXPINT CLRA 
5F CLRB 
20 OE OOES BRA nary 
-$A010 MLBSR- EXPIT 
CC 0030 .A LDD #48 
MLBSR- EXPINS 
DC 08 B LDD TNCNT 
C3 0001 A ADDD #1 
DD 08 Bs -Se5 STD TNCNT 
DE 08 B .$A011 LDX TNCNT 
8C 0003 A CPX #3 
2D EY OODB BLT -$A010 
CE AOOO A LDX #-24576 
CC 0002 A LDD #2 
ET 00 A STAB 0,X 
DC OA B LDD FUNC 
MLBSR- SETINS 
CC 0008 A LDD #8 
MLBSR- SETINS 
CC 0001 A LDD #1 
MLBSR- SETINS 
DC OC B LDD ENTRY 
MLBSR- SETINS 
39 RTS 
PSCT 
EXPDSP MLBSR EXPBSY 
CE AOQOO A LDX #-24576 
CC 0004 A LDD #4 
ET 00 A STAB 0,X 
CE AOOO A LDX #-24576 
CC 0005 A LDD #5 
ET OO A STAB O,X . 
CE AOO2 A LDX #-24574 
DC 02 B LDD DSPDAT 
ET 00 A STAB 0,X 
CE AOOO A LDX #-24576 
CC 0004 A LDD #4 
ET 00 A STAB 0,X 
CE AOOO A LDX #-24576 
CC 0002 A LDD #2 
ET 00 A STAB 0,X 
39 RTS 
PSCT 
20 07 0145 BRA .$A014 
CE C001 A .$A015 LDX #-16383 
DC 00 B LDD OUTDAT 
E7 00 A STAB 0,X 
0145 P EXPOUT EQU 
©) HITACHI 
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*## CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##* 


ERR SEQ 

00225P 
00226P 
00227P 
00228P 
00229P 
00230P 
00231P 
00232P 
00233P 
00234P 
00235P 
00236P 
00237P 
00238P 
00239P 
00240P 
00241P 
00242P 
00243P 
00244P 
00245P 
00246P 
00247P 
00248P 
00249P 
00250P 
00251P 
00252P 
00253P 
00254P 
00255P 
00256P 
40257P 
00258P 
00259P 
00260P 
00261P 
00262P 
00263P 
00264P 
00265P 
00266P 
00267P 
00268P 
00269P 
00270P 
00271P 
00272P 
00273P 
00274P 
00275P 
00276P 
00277P 
00278P 
00279P 
00280P 


1230 


LOC 


0145 
0148 
014A 
014F 
0150 
0152 
0154 
0155 
0155 
0156 
0159 
O15A 
015C 
015F 
0160 
0161 
0163 
0166 
0168 
016B 
016E 
0170 
0173 
0176 
0178 
017B 
O17E 
0180 
0183 
0185 
018A 
018B 
018D 
0190 
0193 
0195 
0196 
0198 
0199 
019B 
019D 
019F 
01A2 
01A4 
01A7 
01A8 
01A9 
01AB 
01AE 
01B1 
01B3 
01B6 
01B9 
01BB 
01BC 
01BD 


OBJECT 


CE 
E6 


4F 
C4 
26 
39 


3C 
CC 
30 
ED 
CE 
4F 
SF 
ET 
CE 
ET 
CE 
CC 
ET 
CE 
CC 
ET 
CE 
CC 
ET 
CE 
E6 


30 
ED 
CE 
CC 
ET 
30 
EC 
4F 
C4 
ED 
EE 
8C 
27 
CE 
4F 
5F 
ET 
CE 
CC 


00 


CO0O0 A 
00 A 


02 A 
EA 013E 


0080 


00 
A003 


> > 


A002 
00 
A003 
0004 
00 
A000 
0002 
00 
A000 
0003 
00 
A002 
00 


PPP PPS PrP Perr Py P 


00 
A000 
0002 
00 


00 


Prrr PF PrP Y 


PROGRAM EXPC 


.$A014 LDX #-16384 
- -LDAB- 0, X 

MSEX 
CLRA 
ANDB #2 
BNE .$A015 
RTS 
PSCT 

EXPBSY PSHX 
LDD #128 
TSX 
STD 0,X 
LDX #-24573 
CLRA 
CLRB > 
STAB 0,X 
LDX #-24574 
STAB 0,X 
LDX #-24573 
LDD #4 
STAB 0,X 
LDX #-24576 
LDD #2 
STAB | 0,X 

-$A017 LDX #-24576 
LDD #3 
STAB 0,X 
LDX #-24574 
' LDAB 0,X 
MSEX 
TSX 
STD 0,X 
LDX #-24576 
LDD #2 
STAB 0,X 
TSX 
LDD 0,X 
CLRA 
ANDB #128 
STD 0,X 
LDX 0,X 
CPX #128 
BEQ .$A017 
LDX #-24573 
CLRA 
CLRB 
STAB 0,X 
LDX #-24574 
LDD #255 
STAB 0,X 
LDX #-24573 
LDD #4 
STAB 0,X 
PULX 
RTS 
PSCT 
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##* CP/M-68K 6301/6801/6800 CROSS MACROASSEMBLER V1.2 ##«* 





ERR SEQ LOC OBJECT PROGRAM EXPC 
00281P O1BD 37 EXPINS PSHB 
00282P O1BE 36 PSHA 
00283P O01BF CE AOOO A LDX #-24576 
00284P 01C2 4F CLRA 
00285P 01C3 5F CLRB 
OO286P 01C4 ET 00 A STAB 0,X 
00287P 01C6 CE AOOO A LDX #-24576 
00288P 01C9 CC 0001 A LDD #1 
00289P 01CC ET OO A STAB 0,X 
00290P O1CE CE A002 A LDX #-24574 
00291P 01D1 3C PSHX 
00292P 01D2 30 TSX 
00293P 01D3 EC 02 A LDD 2,X 
00294P 01D5 38 PULX 
00295P 01D6 ET 00 A STAB 0,X 
00296P 01D8 CE AO0OO A LDX #-24576 
00297P O1DB 4F CLRA 
0OO298P O1DC SF CLRB 
00299P 01DD ET 00 A STAB 0,X 

 00300P O1DF 38 PULX 

00301P O1EO 39 RTS 
00302P O1F1 PSCT 
00303P O1F1 37 SETINS.PSHB 
00304P O1E2 36 ~PSHA 
00305P 01E3 MLBSR EXPBSY 
OO306P O1E6 30 TSX — 
00307P O1ET EC 00 A LDD 0,X 
00308P 01E9 MLBSR- EXPINS 
0O0309P O1EC 38 PULX 
00310P O1ED 39 RTS 
00311 XDEF EXPDSP 
00312 XDEF SETINS 
00313 XDEF EXPINS 
00314 XDEF EXPINT 
00315 XDEF EXPBSY 
00316 XDEF EXPIN 
00317 XDEF EXPOUT 
00318 XDEF MAIN 
00319 XDEF EXPIP 
00320 XREF EXPIT 
00321 END 

##e# TOTAL ERRORS 00000--00000 
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4.4.4 Linkage Listing 


*«*#* HMCS6800 CROSS LINKAGE EDITOR 
LOAD=B: EXPMN.OBJ,B:EXPC.OBJ,C31RUN.OBJ 
STRP=$F000 
STRB=$60 
STRD=$40 
OPT=MAP ,SYM 
EXEC 


*## HMCS6800 CROSS LINKAGE EDITOR 
*#*#* UNDEFINED SYMBOLS ### 
NAME SECTION MODULE NAME 
. ERROR ( ) 
UNDEFINED SYMBOL = 1 (Note) 


VER 1.2 «## 


VER 1.2 «#* 


Note: There is an UNDEFINED SYMBOL = 1 (library function, ERROR) in the link information 
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*** HMCS6800 CROSS LINKAGE EDITOR 
### MAP LIST «##+# 
*# SECTION LOAD MAP 


but it does not influence the execution of this program. The library function or run-time 
routine call the ERROR service routine when 0 is used as a divisor in division or modulo 
operation. Strictly speaking, the user should create an ERROR funcion. However it is never 
used in this program, so it is just displayed as an UNDEFINED SYMBOL. 

(When the library function and run-time routine are not linked, the UNDEFINED SYMBOL is 
not displayed.) 


VER 1.2 «## 


SECTION SIZE START END COMMON-SIZE 


A 0016 FFEA FFFF 
B OOOE 0060 O06D 

C 0000 
D 0004 0040 0043 
P O7DA FOOO F7D9 

*## MODULE LOAD MAP 

NAME BSCT DSCT PSCT 
F000 
EXPC 0060 FO1A 
0040 F208 


*## COMMON LOAD MAP 
NAME SECTION SIZE START 
COMMON = 0 
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0000 


0000 
0000 


. **#* HMCS6800 CROSS LINKAGE EDITOR VER 1.2 ##*# 
x## DEFINED SYMBOLS «#«#«# 
NAME SECTION START MODULE NAME 





. $DADD P F7D9 ( ) 
. $DCMP P F7D9 ( ) 
. SDDEC P F7D9 ( ) 
.$DDIV P F7D9 ( ) 
.$DINC P F7D9 ( ) 
. $DMOV P F7D9 ( ) 
. $DMUL P F7D9 ( ) 
. $DNEG P F7D9 ( ) 
. $DSTK P F7D9 ( ) 
. $DSUB P F7D9 ( ) 
. $DTOF P F7D9 ( ) 
. SDTOL P F7D9 ( ) 
. $DTOL P F7D9 ( ) 
.SDTST P F7D9 ( ) 
. $FDEC P F7D9 ( ) 
.$FINC P F7D9 ( ) 
. $FMOV P F7D9 ( ) 
. $FREG D 0040 ( ) 
.$FTOD P F7D9 ( ) 
.$FTST P F7D9 ( ) 
.S$IASL P F27D ( ) 
.SIASR P F292 ( ) 
~SIDIV P F23F ( ) 
.$IMOD P F2BC ( ) 
. $IMUL P F208 ( ) 
.$ITOD P F7D9 ( ) 
.$ITOL P F51D ( ) 
. $LADD P F32F ( ) 
. $LAND P F432 ( ) 
.$LBIT P F600 ( ) 
. $LCMP P F4BF ( ) 
. $LCPL P F501 ( ) 
. $LDEC P Po4b ( ) 
.$LDIV P F3E3 ( ) 
.$LINC P F53B ( ) 
. $LMOD P F40A ( ) 
. $LMOV P F30B ( ) 
. $LMUL P F361 ( ) 
. $LNEG P F4EC ( ) 
.$LOR P F44D ( ) 
. $LSHL P F483 ( ) 
. $LSHR P F4A1l ( ) 
. $3LSTK P F55B ( ) 
.$LSUB P F348 ( ) 
. $LTOD P F7D9 ( ) 
.$LTST P F576 ( ) 
. $LXOR P F468 ( ) 
.$SBIT P F723 ( ) 
.SSW1 P F76B ( ) 
.SSW2 P F79A ( ) 
.SUDIV P F25B ( ) 
. SULSR P F2A7 ( ) 
. $UMOD P F2EA ( ) 
( 
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1234 


### HMCS6800 CROSS LINKAGE EDITOR 
SECTION START 


DEFINED SYMBOL 


NAME 
. SUTOD 
. SUTOL 
EXPBSY 
EXPDSP 
EXPIN 
EXPINS 
EXPINT 
EXPIP 
EXPIT 
EXPOUT 
MAIN 
SETINS 
= 65 


UUUVUVU'UU'U'U'U'U'D 


VER 1.2 ##+* 


MODULE NAME 
F7D9 = ( ) 
F52E ss ( ) 
F16F ( EXPC ) 
F12B ( EXPC ) 
F050 ( EXPC ) 
FID7T ~ ( EXPC ) 
FOF1 ( EXPC ) 
FOCO ( EXPC ) 
FOOA —( ) 
FiSF ( EXPC ) 
FO4D ( EXPC ) 
F1FB ( EXPC ) 
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APPENDIX A. C Program and Assembly Program 
Comparison 


This appendix compares application programs previously introduced assembly language system 
application examples to the C language examples in this application note. 

(Assembly language programs are described in the 6301 APPLICATION NOTES (Hardware)). 

In general, the size of the C language program is greater than that of the assembly language program. 
These examples are hardware control programs that are difficult to write in C and show how ro use 
the 6301 C language compiler. The run-time routines are not included in the C language program size 
descriptions. 


A.1 Darlington Transistor Drive (LED Dynamic Display) 
Table A-1 compare Darlington Transistor Drive Routines written in C and assembler. 


Table A-1. Program Comparison 


Item Memory Size (Bytes) No. of Cycles (Machine cycle) 
C Program 131 200 
Assembly program 82 120 
C program to 1.6 1.67 
assembly program ratio 
HITACHI 
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A.2 8X 4 Key Metrix 
Table A-2 compares 8 x 4 key Matrix Routines written in C and assembler. 


Table A-2. Program Comparison 


Item | _ Memory Size (Bytes) No. of Cycles (Machine cycle) 
C Program 336 1240 
Assembly program 181 373 
C program to 1.86 3.32 


assembly program ratio 


A.3 External Expansion 
Table A-3 compares External Expansion Routines written in C and assembler. 


Table A-3. Program Comparison 


Item Memory Size (Bytes) No. of Cycles (Machine cycle) 
7 C Program 518 1347 
Assembly program 318 572 
C program to 1.63 2.35 
assembly program ratio 
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HD6301/HD6303 SERIES HANDBOOK 


Section Ten 


APPENDIX 


. HD6301V1/HD6303R O and A 


. HD6301X0/HD6303xX Oscillator Circuit 
. Wide Temperature Range Specifications 
-40°C to 85°C (J Version) 
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Section 10—Appendix 
1. HD6301V1/HD6303R Q and A 
Table of Contents 


Page 
le SADGSOTY WADG303FIG QA. 6.6 keto k ew Cad ow dase eds Mawes 4 ee Gada ed 1239 
(a) Parallel Port 
(1) Process to Use a Port as an Output ..... 0.5.2... eee 1241 
(b) Serial Port 
(1) Relation between Writing into the FRC and SCI Operation .................. 1242 
(2) Writing into the FRC during Serial Receive/Transmit...................005- 1243 
(3) RDRF State When SCI Receiving............. cee eens 1244 
(4) -Sernal: JO OpCratiOn nc-.c cs ood dh wee Cana Cees w eed doe eed Ra ee dae e 1245 
(5) Serial /O Register Read... 1... 6. ce eee eee eens 1246 
(6) Detection of the HD6301V1 Serial Start Bit ......... 0... eee eae 1247 
(c) Timer/Counter 
(1) Free Running Counter Read........... 0. ccc cee nets 1249 
(2) Preset Method of the Free Running Counter .................. 000 eee eee 1250 
(d) BUS Interface 
(1) Output of Address Strobe (AS) in the Multiplexed Mode .................... 1252 
(e) Interrupt 
Ch) - IRQ ACCEDIAnCes 21 achaten ciwsodndearsam eet ea tate uae eiees antes Bie 1253 
(2) Timer Interrupt and External Interrupt............. 0.2.00. eee eee eee 1254 
(3) IRQ1 Interrupt and Other Interrupts ........ 0.0.0.0... cee eee eee eee 1255 
(4) CLI Instruction and Interrupt Operation .......... 0.0... cee ee ees 1257 


(f) Oscillator 
(1) Relation between the External Clock (EXTAL Clock) and Enable Clock (E Clock) 1258 


(g) Reset 
(1) Constants of the Reset Circuit....... 00.00. e cece eee eee een ney 1259 
(2) Schmitt Trigger Circuit of RES ....... 0.0... cee eee eee 1260 
(3) I/O Port State on Resetting ........... 0... cece eee ee eee eens 1261 
(4) SCI (Pin 39) State on Resetting........ 0.0... cee eee eee 1262 
(5). ‘Port Output ater Rescuing :.ccawe- tee emanioieas Vireo a eee ie aoe Bade 1263 


(h) Low Power Consumption 





(te “SEhmitt. (rggerCitcuil Ol SI BY. 320 icy outsell dis tae hosed beeen ee ee 1264 
(2) A/KO:Port State DUTING SIand by ei u:na ws cee hd eee Sees ke Owe Sine ele dee 1265 
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(3) Return from Standby Mode.......... 0... cece eee eee eens 1266 
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(5) Timing for the Standby Mode ............. ccc cece ee eee eee nen ennes 1268 
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(2) Usage of EPROM Socket Pins for the HD63P01M (No. 2)................... 1270 
(3) Usage of EPROM Socket Pins for the HD63P01M (No. 3)... ele pees 1271 
(j) Software 
(1) Usage of Bit Manipulation Instructions........ 0... 0. . cee eee eee 1272 
(2) Usage of Bit Manipulation Instructions to the Port.............. 00. cess eee 1274 
(k) Others 
(1) RAM Access Disable during Program Execution ............. 0.020 eee eee 1275 
2. HD6301X0/HD6303X Oscillator Circuit... 0.0.0... ee tenes ... 1276 
3. Wide Temperature Range Specifications -40°C to +85°C (J Version).............. 1283 
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HD6301V Questions & Answers 


Type | HD6301V1 a 48 ¥*8S OM 16M  Softward 
HD6303R ideas Evaluation kit, Emulator: SD SBC 
| Thema Process to Use a Port as an Outputs Nov. 24, 1983 


1, When using an I/O port as an output, is the data 
stored to the Data Register or is the Data | | Serial Port 
Direction Register (DDR) set at first? | | Timer/Counter _—i| 
|__| BUS Interface __| 
| | interrupt 
| | A/D Converter | 
| | Oscillator 
RB ae eee 
| | Low Power Consm. 
|_| EPROM-on-package 
poe DORCWE Oo ecse 
| | Evaluation Kit 
| Emulator 
es BB ate seats 
| | Data Buffer 
|| Others 


1, Store the data to the Data Register at first and | Title. 
then set the DDR (DDR=1); if not, unknown data is 
output from the port. 





Semiconductor Data Book 
- 8-Bit Single Chip | 
Microcomputer - 


aa 


Reference Q & A Sheet 


oo 


The DDR defines an I/O port as an input or output. 
DDR=1 : output 
DDR=0 : input 
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HD6301V Questions & Answers 


A Rg ae 
HD6303R Evaluation kit, Emulator SD SBC 
Operation | . 


7 | Classification 

1, How are writing into the timer Free Running | | Parallel Port _i 
Counter(FRC) and the Serial Communication Inter- 
face(SCI) related? | | Timer/Counter 
| | BUS Interface | 
|_| A/D Converter | 
| [Oscillator 
EROS et 
|| Low Power Consm. | 

| | EPROM-on-package 
| Software | 
| [Evaluation Kit | 


| | Emulator 


Pe ees se eced 
| | Data Buffer 
[Others 










Answer 


1, The source of the clock input to the SCI Shift 
Registers is the timer FRC. 
Therefore, if new data is written into the FRC, 
SCI operations are disturbed. 

See the following diagram. 















$09,S0A 









Receive Shift 


Register 










Baud Rate 
Generator 


Reference Q & A Sheet 





Transmit Shift 
Register 





R/W 


* A write into the FRC is prohibited during SCI 
operations. 










QA631-002A 
QA631-008A 







© HITACHI 


1242 


HD6301V Questions & Answers 


HD6303R Evaluation kit, Emulator SD SBO 
Themd Writing into the FRC during Serial Nov. 24, 1983 
Receive/Transmit 
| 
1, Is it prohibited to write data into the Free 
Running Counter(FRC) during serial receive/trans- 


mit? 












Classification 


S| Serial Port 32s 


Oscillator 
Reset 
Low Power Consm. 
EPROM-on-package 
| | Emulator 
a NO cee oe ot eit el 
ip Data Bubier 
f AVOURC RS et 


PC 






Answer 


1, Yes. If data is written into the FRC during 
serial receive/transmit, the FRC stops counting 
up and the baud rate changes. 

In condition other than serial receive/transmit, 
1t's possible to write. | 
$09, SOA 


WRITE 


LP) 





e e 
i : 


Receive Shift 
Register 
















| Transmit Shift 


Baud Rate 
Generator 
Register 
The countér stops 


and the baud rate 
changes. 


Reference Q & A Sheet 













QA631-001A 
QA631-008A 
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HD6301V Questions & Answers 


} Type} HD6301V1 ee 4S *85S 8M 16M Software 
HD6303R : Evaluation kit, Emulator SD SBC 
RDRF State When SCI Receiving ) NON Conte 


Classification 

1, What is the state of the Receive Data Register | | Parallel Port | 
Full(RDRF) flag when the HD6301V1/HD6303R SCI 
can receive signals (RE=1) and the wake-up flag | | Timer/Counter ~~ |. 
(WU bit) is set? BUS Interface 

Interrupt 

A/D Converter 

Oscillator 

Reset 

Low Power Consm. 

EPROM-on- package 

| | Evaluation Kit | 

ec ree 

| [Data Buffer 


| ae Others 
| Applicable Manual 


1, When the wake-up flag is set (WU=1) the RDRF flag| Title | 
cannot be set. | 
This 1s mentioned in the HD6801, HD6803 data 
sheets, but not in the HD6301 and HD6303. 





TRCSR 


7 6 5S 4 3 2 +1 0 
$0011 | RDRH ORFH TDRH RIE | RE | TIE | TE | WU | 
J L y 


_ 1 ] 





Other Data 





Reference Q & A Sheet 








Transmit/Receive Control Status Register(TRCSR) controls the 
transmitter, receiver, wake-up feature and two individual inter- 
rupts, and monitors the status of serial operations. 
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HD6301V Questions & Answers 


pe a ae 
HD6303R Evaluation kit, Emulator SD SBC 

Theme Date | Nov. 24, 1983 
Serial I/O Operation 





1, The serial I/O does not operate satisfactorily. 
Initialization does not seem to be wrong, but the 
data is not transmitted. What is wrong? 





Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Initialize by User Program Interrupt 


1 Set the Rate/Mode Control Register| | A/D Converter 
(RMCR) to the desired operation. | | Oscillator  —si 
2 Set the Transmit/Receive Control | | Reset | 


Status Register (TRCSR) to the Low Power Consm. 
desired operation. EPROM-on-package 
software 
Evaluation Kit 
Emulator 


* 


Data Buffer 

Others 
Applicable Manual 
Title 


op) 


1, Just after the initialization of serial 1/0, the 
data transmit is not operative during 10 cycles 
of Baud Rate after setting the TE. The reason is 
as follows. | 
Setting the transmit enable bit (TE bit) causes 
ten consecutive "1" of preamble and makes the 
transmitter section operative. In other words, 
the transmitter section gets ready after one frame 
(10 bits) transmitting time according to the 
Baud rate. 

(ex.) When the Baud rate is set to 9600 Baud 
(104.2)s at 1 bit), 
Set the Baud rate Set TE Transmit OK 


+ 
ETT MLL, 
1104. 2us X 10=1.042msie— 
PA: Transmit Inoperative 
Period 
Preamble Causing Period 
1.042ms after setting the TE, the transmitter 
section is operative. 


Other Data 
Title 


Reference Q & A Sheet 





e) 
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HD6301V Questions & Answers 


HD6301V1 Device) oS 85 8M 16M Software 
HD6303R Evaluation kit, Emulator SBC 
Serial I/O Register Read Nov. 24, 1983 


Classification 
1, When transmitting the data, is reading the Trns- Le bac ailel Posts od 
mit/Receive Control Register(TRCSR) required? |* | Serial Port | 
When the transfer interval is long enough compared | Timer/Counter | 
with the Baud rate, Transmit Data Register | | BUS Interface | 
Empty (IDRE) will be set. In that case, are | | Interrupt | 
there any problems when transmitting data without | | A/D Converter  — 
checking the TDRE flag in the TRCSR? | | Oscillator —s 
| [_[Reset 
|_| Low Power Consm. | 
EPROM-on-package 
Software 
|| Evaluation Kit 
pn ERUESEOE 
OOO ee ee tel 


| a| Data Buffer 2 | 
ee Fels os See aae er, 
[Applicable Manual 
| Title | 















Answer 


1, The TDRE flag stows if the TDRE register is empty 
or not. When writing a data to the TDR with © 
TDRE=1, it's not necessary to check the TDRE. 

But reading the TDRE flag tells us the contents 
of TDR. For example, when new data is written to 
the IDR with TDRE "O"(TDR already has a data), 

the old data will be erased. 

When the transfer interval is long enough compared 
with the Baud rate, there's no problem. However, 
check TRCSR if possible. 





















[oeher Bata 
Title | 


Reference Q & A Sheet 


| Supplement | 
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HD6301V Questions & Answers 


HD6301V1 4S *8S 8M 16M Software 

HD6303R Evaluation kit, Emulator SD SBC 

Themd Detection of the HD6301V1 Serial Start Bit —_ 
: (No.1 Nov. 24.1983 


Classification © 


ho Pabaliel Bore. 2a] 
What is the relation between the HD6301V1 | | Timer/Counter  — 
serial sampling clock frequenscy and the | | BUS Interface _i 
baud rate ? Pe EEerrUpe =. 3 
|_| A/D Converter 
What does “Sampling error" mean ? | | Oscillator  —s | 
[a oc aa ee eee eee 
|_| Low Power Consm. | 
|__| EPROM-on-package 
Evaluation Kit 

| {Emulator 

SD 


SU en 
| | Data Buffer | 
. ee, Oe i -s  ee 
: Applicable Manual 


The serial sampling clock frequenscy is eight 
times the baud rate. 


"Sampling error" means receive margin at the | Title | 
serial operation time. 
Refer to the next page for details. 


Reference Q & A Sheet 


ae 













Supplement 
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HD6301V Questions & Answers 


Type HD6301V1 " Devi 4S *8S 8M 16M Software 
HD6303R piace Evaluation kit, Emulator SD SBC 


Detection of the HD6301V1 Serial Start Bit CNo. 2) 


Receive margin: 
The HD6301V1 detects the start bit and samples the data bit using the 
falling edge of the sampling clock. 
The general equation is shown as follows. 


l. rasan equation 7 
= { ( 0.5-1/N ) - ( D-0O.5 )/N - ( L-0.5 )F J] X 100 (2%) 
M: Receive margin: 
Ratio of baud rate to sampling clock ( 0 to 0.5 ) 
Duty of the longer sampling clock of "H", and “L" 
Frame length (7 to’ 12 bits) 
Absolute value of deviation of sampling clock prsaueney 


oo em 


2. Abbreviated equation 
= ( 0.5-1/N ) X 100 (2%) 
Conditions: D = 0.5, F = 0 


x} | le | 32 De Su ee ae St eee 





37% 43.75 46.8/5 | 48. a In the ee 
(%) (Fig.1) 


Figure 1 


Clock | | | | | | [ | | | | | | | 
: 


| 
: | ; ‘ 
| | | 43.75 % 
Rx 






Start bit 


Triger Start bit sampling 
0.5 
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HD6301V Questions & Answers 


pvaluation kit, Emulator _§0.~ S86 
HD6303R Evaluation kit, Emulator SD SBC 

Thema Free Running Counter Read a Cae 

Beng Free Benning Counver Beat nov. 241983 

















Classification 
When the FRC of the HD6301V1/HD6303R is read with| | Parallel Port 
the double byte load instructions(2 cycle | | Serial Port | 


execution for FRC reading), is it read correctly? 

Double byte load instructions require two cycles 4 BUS Interface 

to be executed and the cycle to read the low byte|/ | Interrupt = | 

of FRC becomes the next cycle of the high byte. | | A/D Converter 

Is it OK ? ec OSG1 PIAROr se os! 
| | , 

(EX) | | ie i eee, 


igh Read Low Read [tow Power Consu, | 
E — | ae) [ [CP EPROW-on-package 
FRC (1 cycle) ! (2 cycle 
($09, $0A) I'SE7FF =: $F800_ CS [Evaluation Kit _—| 

: | | [Emulator —_—~« 
SD : 


Fete age ec 
| | | Data Buffer 
SF7FF from the counter) Reel OGNGESt se cat eat ums oi 
Applicable Manual 


ee 


ot 


| Reference Q & A Sheet 


1. The FRC of the HD6301V1/HD6303R contains a 
parallel temporary register. When the high byte 
of the FRC is read, the low byte is set in the 
temporaty register. The Low byte data in the 
temporary register is set to the AccD at the 
next cycle. Therefore, it is possible to read 
the FRC correctly. 

od an. | 

| High Rea ' Low Read 

E | | | | 

FRC SF/7 FF SF8 00 







| | | 
| pl | | 
Temporaly 7 (FF , 
Register n | | 
l | 
| 
Read Data | SF7 , SEF | 
| i 
AccD 
(When reading S$F7FF from the counter) 


| 


FRC: Free Running Counter 
The base counter of the timer which counts up the E clock. 
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, HD6301V1 | ; Evaluation kit, Emulator SD SBC 
Thema Preset Method of the Free Running Counter Date 





| Question} Classification | 
Ls | | | Parallel Port 


|_| Serial Port 
|*| Timer/Counter 
| | BUS Interface 
foe MC SRU UDG oe 
| | A/D Converter | 
| | Oscillator 
os 
ee 
fad 
ed 
ae 


What is the difference between the HD6801V and 
HD6301V1 in writing data into the free running 
couter ? | | 


[Reset 
| Low Power Consm. | 
| EPROM-on=package | 
| Software 
Evaluation Kit 
| | Emulator 
[al Es eee 
| | Data Buffer 
fe) Others od 
| Applicable Manual | 
PILele:) | 















l. The FRC preset method of the HD6801V is different 
from the HD6301V1. 









Semiconductor Data Book 
~ 8-Bit Single Chip 
Microcomputer - 


|Other Data 
| Title | 






Preset Method 


HD6801V The FRC is always preset to "“SFFF8". 


HD6301V1 | 1. Writing to the high byte presets 
the FRC to SFFF8. 
2. The FRC is set to desirable data by 
a double byte store instruction. | 










Reference Q & A Sheet 


QA631-001A 
QA631-002A 


| Supplement _ 


See the next page for the example of this method. 
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Type | HD6801V1 peuee 4S *8S 8M 16M Software 
HD6301V1 _ Evaluation kit, Emulator SD SBC 


Preset Method of the Free Running Counter (No.2) 
| Answer | 


(1) The HD6801V Preset Method 


| 
| $O9Write,! SOAWrite |! elon #$5aF3 


($5A) ! (SF3) ! STD $09 
Oe eg OO ae PO eae es ce 


i I ! \ I 
FRC } ! SFFF8 | SFFF9| $FFFA ae 
' 


The FRC is always preset to SFFF8. 
(2) The HD6301V1 Preset Method 
l. SFFF8 
| | 
yS0Nrite L , e—LDD #FSSAF3 
»  €$5A) 4 STAA $09 
B cock lel leek ee ee ees 
| ' 1 \ 1 
FRC | SFFF8 | SFFF9! SFFFA {| > 
i j I t { 


Writing to the high byte presets the FRC to SFFF8. 


2. Optional valve (In this case S$5AF3) 


' $O9Write,! SOAWrite,! _lDp #$5AF3 
| r (€§5A) 7 (SF3) 7% STD $09 
A ee ee he a a 
1 ! I { { 
FRC | $FFF8 !  $SAF3! $5AF4 1 —> 
' 1 ' ! 4 
The FRC is set to desirable data ($5AF3) by a double byte store 
instruction. 
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HD6303R | Evaluation kit, Emulator SD SBC 
plexed Mode 


| Classification 
1, Is AS always output when using the HD6301V1 in | | Parallel Port | 
the expanded multiplexed mode (mode 2, 4, 6)? | | Serial Port | 
|| Timer/Counter 
Interrupt 
| | A/D Converter | 
| | Oscillator 
{| Reset 
|_| Low Power Consm. | 
|__| EPROM-on~package _| 
| [Software 
| | Evaluation Kit | 
| | Emulator 
a cS rere, 
|_| Data Buffer 
Net POCNGES ot 


oo 


8 


Reference Q & A Sheet 
In the expanded multiplexed mode, the data buses and lower address 
buses are multiplexed and output from port 3. AS is the signal 


needed to demultiplex the data buses and address busses. 
Mode 2, 4 and 6 of the HD6301V1 are the expanded modes. 






























Answer 


2; Yes. AS is always output in the expanded 
multiplexed mode, even when the MPU accesses the 
internal RAM, ROM, etc. 
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Type | HD6301V1 Device! oS. #85 8% 16M Software 
HD6303R . Evaluation kit, Emulator SD SBC 


Thema IRQL Acceptance Date 


| Question | | Classification 
1, (1) Is IRQI ignored when the Condition Code 
Register I mask is set? 

| | Timer/Counter 
(2) After the I mask is reset, will the interrupt] | BUS Interface | 
sequence start by the interrupt request flag 
having been Latched? | | A/D Converter —s | 


Oscillator 
Reset 


|__| Low Power Consm. | 
| | EPROM-on-package 


Software 


| Software 
| | Evaluation Kit 
Emulator 
a een 
| | Data Buffer 


Others 
Applicable Manual 


tueley 







Answer 


1, (1) If the Condition Code Register I mask is set, 
TRQI is completely ignored. 
(2) With the I mask set, the interrupt request 
flag will not be latched. 
(1) (2) 


Reset starts Reset starts 


ecLi 


Other Data 
Title 


Reference Q & A Sheet 
No 
IRQI] 


IRQL is ignored. 


| Supplement | | 


CLI : Clears the Condition Code Register I mask 
SEI : Sets the Condition Code Register I mask 


* NMI is acceptable regardless of the I mask. 
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Type HD6301 V1 | Gages 4S *8S 8M 16M Software 
HD6303R Evaluation kit, Emulator SD SBC 


Timer Interrupt and External Interrupt Nov. 24, 1983 


1, In the routine below, when is the next timer | | Parallel Port 


interrupt accepted? | | Serial Port 







Main Timer (OCL) External Interrupt | | Timer/Counter  —_—ssi 
Routine Routine (IRQ) Routine | | BUS Interface 
(Execution time (Execution time=3ms) | * | Interrupt 





=].5ms) 


| | A/D Converter 


Execution tima | Oscillator 


is longer than__| Reset 





















Read the TCSR 
Store 2.6ms as timer 






















period to the OCR Pe 

Next 2 timer inter- [| Low Power Consm. 
Timer | | so] TUuPt period. | | EPROM-on-package 
Inter-. * I=]  [ [Software 
rupt | | Evaluation Kit | 
Request | | Emulator 


kc rere 
ia) Data Buffer 22] 
| | Others 


Applicable Manual 






Answer 


1, The next timer interrupt is accepted in the main 
routine just after RTI instruction execution. 





Main Timer (OCL) External Interrupt 
Routine Routine (IRQ) Routine 













Next —ag 
Timer 


Inter- 
rupet 
Request 





Next Timer 
(OCI) Routine 


Reference Q & A Sheet 








QA631-012A 
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Type | HD6301V1 Hays 4S *85S 8M 16M Software 
HD6303R nites Evaluation kit, Emulator SD SBC 
IRQ] Interrupt and Other Interrupts (NO. 1) Nov. 24, 1983 


Classification 

1, IRQI pin (pin 5) is held at low for 10s but an | | Parallel Port | 
interrupt does not occur. What should be done to | | Serial Port 
generate an interrupt sequence? | | Timer/Counter  —s | 

| | BUS Interface 

| | A/D Converter | 

Loc OS@T atom a. 2a 


| | Reset 
| Low Power Consm. 


|_| EPROM-on-package | 
| | Software 
| | Evaluation Kit | 
| | Emulator 
(eet ene ees 
| | Data Buffer 
Bae t= 5 


Applicable Manual 



















eed Lh La ee 
IRQ] | ( 
eee, | eee 










1, (1) IRQI is a level sensitive interrupt pin which 
needs a minimum of 2 machine cycles (2us at 1MHz) 
to accept an interrupt. However, if another 
interrupt has been already generated, no interrupt 
request is accepted with IRQI at low for 10us. 
In such a case, IRQ] should be held at low until 
the request 1s accepted. 























E 
IRQI | & 
m=—2 machine cycles—> 
, ' 





(2) In this case, as a timer interrupt is executed 
the interrupt mask is automatically set. So IRQI 
1S lgnored. 


Reference Q & A Sheet 









QA631-O114A 





See the next page for the illustration of IRQ] anc 
other interrupts and a countermeasure. 
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Type | HDOJ0lVI.. Device | oS *88 8M 16M Softward 
HD6303R | Evaluation kit, Emulator SD SBQ 


IRQ] Interrupt and Other Interrupts (No. 2) | 


IRQ] and Other Interrupts 








Main Timer IRQ] 
Routine Routine Routine 
v1 
Pe 1 
ll I 
IRQ] Interrupt pace 
Request sk | 
— | Sie 
~ I 
IRQ] is “2 
ignored. 
Countermeasure 


Clear the I mask at the beginning of the timer interrupt routine. 
Main Timer IRQ] 
Routine Routine Routine 





IRQ] is acceptable. 


* CLI : Clears the interrupt mask (I=0). 


With this method, note the following ; 
(1) IRQI may be ignored when the request occurs during timer interrupt 
vectoring. 
(2) Interrupts form NMI or SWI are excluded. 


| 3 ; : , | | | 
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Type | HD6301V1 Device| 45. *85 8M «16M Softward 
HD6303R = Evaluation kit, Emulator SD SBC 
Theme CLI Instruction and Interrupt Operation Nov. 24, 1983 


Classification 


1, In the HD6301V, a timer interrupt is not accepted | | Parallel Port 
in the following program. Is there any problem? | | Serial Port 


eee ee ee || Timer/Counter 
Main Routine | | BUS Interface 
LOL CLI 

NOP | | A/D Converter 

| =| Oscillator 

ae Reset 

| | Low Power Consm. 

_ DRA LOL © | | EPROM-on-package 

Oo | | Software 

| | Evaluation Kit 

| {Emulator 
2): eae RnE EE 


| | Data Buffer 
SG ees 
Applicable Manual ; 


1, To accept an interrupt, two machine cycles are Title 
necessary between CLI and SEI. That is, in this HD6301X Data Sheet 
program, two NOP instructions are necessary. The 
same thing can be said when using TAP for CLI and] Semiconductor Data Book 
SEI. - 8-Bit Single Chip 
Microcomputer - _ 
Using CLI 
wee ne ee + + 


TAP (Clears the I mask) 
NOP 
NOP 

TAP (Sets the I mask) 






















Reference Q & A Sheet 


| 
| 
| 
| 
| 
( 
( 
‘ 


* This is mentioned in the HD6301X data sheet 
in the HD6301V. 
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pvaluation kit, Emulator $0" $86 
HD6303R Evaluation kit, Emulator SD SBC 
Relation between the External Clock ga Nov. 24. 1983 
(EXTAL Clock) and Enable Clock (E Clock) f 
| 
1, With which edges of the EXTAL clock does the | | Parallel Port = |[ 
E clock change synchronously, rising edge (7) | | Serial Port ss J 
or falling edge (¥)? || Timer/Counter | 
| | | BUS Interface | 
Se ie | 
| | A/D Converter 
a SRES SC oe 
|| Low Power Consm. 
|_| EPROM~on-package | 
| | Software 
| | Evaluation Kit 
| | Emulator 
Se OEE 
|_| Data Buffer | 


“Others 
Applicable Manual 


Title 
HD6301V User's Manual 







Answer 


1, It changes synchronously with the falling edge 
(J) of the EXTAL clock. 









Reference Q & A Sheet 


Supplement 
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Type | HD6301V1 ee ee 8M. loM Software 
HD6303R : Evaluation kit, Emulator SD SBC 
Thema Constants of the Reset Circuit . Nov. 24, 1983 


Classification 


1, Does the capacitor of the recommended reset circuit 
in the HD6303R (HD6301V1) have an upper limit? 


[BUS Interface | 
[[taterrupt Ss 
[A/D Converter | 
[Toseiilator +d 
[| tow Power Consm. 
[| EPROM-on-package 
[Software 
[valuation ie 
[Emulator Ss 
ae ic eae! 
[[bata Buffer 
[[others SSCS 


HD6301V User's Manual 





| Answer | 


1, Capacitor Cr does not have upper limit because 
of the Schmitt trigger circuit provided with 
the RES. 

Available if Rr°Cr>>20ms 























To the system power supply 





| Other Data 
| Title | 


Reference Q & A Sheet 


QA631-016A 









To 
peripherals 









HD6301V 
Ry << Re» Re-Cer>>20ms 






| Supplement | 
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Type | HD6301V1 navies 4S *8S Bi 16M Software 
HD6303R . Evaluation kit, Emulator SD SBC 
thes Schmitt Trigger Circuit of RES NOW. 285: bh 988 


1, Is Schmitt trigger circuit provided with the 

HD6303R/HD6301V1 RES? | | Serial Port = | 
|_| A/D Converter | 
| | Oscillator 
[*| Reset 
|__| Low Power Consm. | 
|__| EPROM-on-package _| 
|_| Software 
|_| Evaluation Kit | 
| | Emulator 


|_| Data Buffer 
beef COONS ES se i 


HD6301V User's Manual 





























1, Yes. (Mentioned in the HD6301V User's Manual) 





To the system power supply 










Ta RES 
p> 


To. to i” 
peripherals HD6301V 


Re << Re »>Re-Cr>>20ms 










Reference Q & A Sheet 


No. | 
QA631-015A 
QA631-020A 





















Effects of the Schmitt trigger circuit: 
Even on the slow rising edge of input pulse, stable and clear 
waveform can be output. 
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Type | HD6301V1 Device 45S *8S 8M 16M Software 
HD6303R Evaluation kit, Emulator SD SBC 
I/O Port State on Resetting Nov. 24, 1983 


Question 
1, What is the state of each port on resetting 
(RES='0')? 


Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 

A/D Converter 
Oscillator 


|__| Low Power Consm. | 
|__| EPROM-on-package 
| | Software 
| | Evaluation Kit | 
| [Emulator 
eS Be ee eta 
| | Data Buffer 
ae 2s eee 













Answer 


1, It is as follows: 


High impedance state 
En ce es ee eae 


4 
Modes | 
, 
Port 3] Modes : + 
0,2,4,6 : "1" is output. 
High impedance state 
7 


















Microcomputer Technica 
Information (D1-23) 









Reference Q & A Sheet 
QA631-018A 


* The state of Port 3 differs depending on 
the mode. | 










E: The E clock is 





“y" 


E: The E clock is "L". 
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Type | HD6301V1 Seed 4S -*8S 8M 16M Software 
HD6303R Sree Evaluation kit, Emulator SD SBC 
SCl (Pin 39) State on Resetting Nov. 24, 1983 


Classification 
1, What is the state of SCl (Pin 39) on resetting | | Parallel Port | 
(RES='0')? |_| Serial Port 
|_| Timer/Counter 
|_| BUS Interface 
| | Interrupt 
| | A/D Converter | 
|| Oscillator 
[*{ Reset 
|__| Low Power Consm. | 
|__| EPROM~on-package 
|_| Software 
|_| Evaluation Kit | 
|_| Emulator 
es 


See ee, 
| | Data Buffer 
fn MORN OT So cs 
Applicable Manual 


It is as follows: 
SCl State 
| QO | The address strobe is output. 
Se aa Pee 
ae ee een eee 
a ee ee 


ies 
5 | "1" is output. 
| 6 | The address strobe is output. 








Reference Q & A Sheet 


QA631-O17A 










| Supplement | 


SCl: Control signal of the HD6301V. 
The usage differs depending on the mode. 
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Type | HD6301V1 8 16M Software 
—HD6303R emcee ae a SBQ 
Port Output After Resetting OVS aes 1583 













Classification 
1, What data does a port eueaut when the Data | | Parallel Port 
Direction Register(DDR)=1 after resetting? | | Serial Port 


[Serial Port’ | 
| | Timer/Counter | 
| | BUS Interface | 
a Te 
| | A/D Converter 
| =| Oscillator 
|_| Low Power Consm. | 
| | EPROM-on-package | 
| | Software 
| | Evaluation Kit | 
Pie lator 
ie Ei ee eee, 
| | Data Buffer 


ae Others 
Applicable Manual 


a 


 . 


Reference Q & A Sheet 






Answer 


1, After resetting, since the Data Register of a 
port is undefined, undefined data is output when 
the DDR=1. 

Input definite data by programming in the Data 
Register before setting the DDR=1l. 
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Type | HDO301V1 a 4S -*8S M 1OM Software 
HD6303R evVtce | Evaluation kit, Emulator SD SBC 


" | aun 794, 1983 
ae Schnibe Telesee CiSeule of SUEY ea ee 


| | _ Classification 


1, Is the Schmitt trigger circuit provided with the 
HD6303R STBY? | 


| 


| Parallel Port 
peerial Port... 
| Timer/Counter 
| BUS Interface 
| Interrupt 
| A/D Converter 
| Oscillator 
Reset 
| Low Power Consm. | 
| EPROM-on~package | 
| Software 
| Evaluation Kit | 
fEmulator Sis 


Data Buffer 7 
Others | 
Applicable Manual 


ERREERREE 


—* 
| 





Answer 


l, Yes. 









(Mentioned in the HD6303R User's Manual.) 


To the system power supply 












Ry 





| Other Data 
| Title | 






Re 









Reference Q & A Sheet 
| No. | 


QA631-015A 
QA631-016A 










HD6301Y' 





To 
peripherals 


Supplement 


Effects of the Schmitt trigger circuit: 
Even on the slow rising edge of the input pulse, stable and clear 
waveform can be output. 


B< Re, Re-Cr>>20ms 
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Type | HD6301V1 Device! oS *85 8M. 16M  Softward 
HD630 3R Evaluation kit, Emulator SD SBC 


Theme Date | Nov. 24, 1983 
I/O Port State During Standb 


Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 

A/D Converter 
Oscillator 
Reset 

Low Power Consm. 
EPROM-on-package 
- Software 
Evaluation Kit 
Emulator 


Question 
1, What is.the state of each. port during standby 
(STBY='0')? 





ett TTT 


Data Buffer 
Others 
Applicable Manual 
Title 





icp) 
oO 








Answer 


1, As follows: 


| Port 1 | High impedance state | 
eT oe ee ee ee 
Oe ats eae eal 
Oa a yen NO yee are at 

















Other Data 

Title 

Microcomputer technical 
information 


(D1-23) 





Reference Q & A Sheet 







QA631-O017A 
QA631-018A 






| Supplement | 
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Paliation Rie, Wdlacoe' en Sie 
HD6303R Evaluation kit, Emulator SD SBC 
Return from Standby Mode 


Classification 


1, What occurs when returning from the standby mode Parallel Port . 
without using RES? _ Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 
A/D Converter 
Oscillator 
Reset 
Low Power Consm. 
EPROM~on-package ° 
Software 
Evaluation Kit 


ae se) ee 
ee BS eae ee eee 
hon) Mata Butter — Sooo 
fog PORNGDGE ce tncas cece] 


Applicable Manual 
Title 

HD6301V1 data sheet 
HD6301V user's manual 










BEGCREREREEY 


Answer 


1, The MPU does not operate normally because the 
contents of.each register are not definite. 
Therefore, always use the RES when returning from 
the standby mode. | 


a 


Reference Q & A Sheet 


a 
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Type | HDo301V1 cat 48 -*8S 8M loM Software 
HD6303R eves Evaluation kit, Emulator SD SBC 
Going into the Standby Mode Nov. 24, 1983 


| Question | | | Classification | 
1, Does the MCU go into the standby mode after = \ Patalled. Pore ~~: 4 
current instruction execution is completed? | | Serial Port — | 

| | Timer/Counter | 
| | BUS Interface | 
| [interrupt 
| [| A/D Converter | 
| | Oscillator 
foes RESO Ee ce hs ee 
fy JSRBROMeen=packane 
io aE 
| | Evaluation Kit | 
| | Emulator 
i ee 
|_| Data Buffer 
| | Others 


Applicable Manual 
Title 









Answer 


1, No. Because there is no connection between the 
instruction execution sequence and the standby 
mode. That is, when the STBY pin goes into “Low”, 
the state is latched at the next rising edge of E 
clock. Then the internal registers are reset at 
the next falling edge. 
























__» Enternal registers 
are reset. 





Other Data 


| Title | 


Reference Q & A Sheet 


QA631-024A 






Supplement 


As standby mode detection has no connection with the instruction execution 
Sequence, the MCU goes into the standby mode after preparing for standby 
mode with NMI routine. 
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Type } HD6301V1 Devi 4S *8S 8M 16M Software 
HD6303R : eee Evaluation kit, Emulator SD ~ SBQ 
Timing for the Standby Mode Nov. 24, 1983 
| [| Classification _| 
1, The timing for the standby mode is shown in the | | Parallel Port 


HD6301V user's manual. Ty, is not defined. How 
long is T)? 


te (Convene ee 


G) STBY ~ | | 


—> << <-T7>, 
i] 
{ 
i} 


| [Serial Port 
Timer/Counter 

|| BUS Interface | 
| | Interrupt ss 
| | A/D Converter 
| | Oscillator 
| | Reset 
[[EPROW=on=package 
Pf pOLtWware 
| | Evaluation Kit 
| | Emulator 
| | SD 

| | Data Buffer 
| [Others 
| Title | 


HD6301V User's manual 





RAM Control . Reset Start 


Register Set 


: Oscillation Stabilization Time 














Answer 


1, After the RAM Control Register is set in the MMI 
routine, either STBY or RES can be in the low 
state with no priority. 







Reference Q & A Sheet 


QA631-023A 






Supplement 





RAM Control Register Set —> RAM E bit = 0 
STBY PWR bit = 1 
RAM E bit = 0: Internal RAM is not accessable. 
STBY PWR bit = 1: Indicates that the data in standby RAM is valid. 
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Type | HD6301V1 jeview | aS. 8S 8M. 16M Software 
HD6303R . Evaluation kit, Emulator SD SBC 
Usage of EPROM. Socket Pins for the HD63PO1M Date | Nov. 24, 1983 
(No.1) 


| Question | | | Classification 
1, Are the data buses of the EPROM socket pins for | | Parallel Port | 
the HD63P01M bi-directional in order to access not | Serial Port | 
only the EPROM but the RAM? | | Timer/Counter | 
| | BUS Interface | 
| [interrupt 
| | A/D Converter | 
| | Oscillator 
| | Reset 
| | Low Power Consm. | 
| * | EPROM-on-package 
software 
| | Evaluation Kit | 
| | Emulator 
OO ea eed 


| | Data Buffer 


| | Others 
Applicable Manual 


| Title | 
HD63PO1M Data Sheet 
















Answer 


1, The data bus output from EPROM socket pins for 
the HD63POIM is Read only. 






| Other Data 
| Title | 


Reference Q & A Sheet 
| No. | 


QA631-026A 
QA631-027A 





| Supplement | 
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Type | HDO301V1 Device! 45. *8s 8M. +1oM ae 
HD6303R Evaluation kit, Emulator SBC 
ad Usage of EPROM Socket Pins for the HD63P01M Date | Nov.24, 1583 
(No.2) 


| Question | |_| Classification 
1, In EPROM socket pins for the HD63P0IM, what is | | Parallel Port  —= | 

CE composed of? |__| Serial Port 
|__| Timer/Counter 
|_| BUS Interface 
|_| Interrupt 
[|_| A/D Converter 
| | Oscillator 
a ee 
|__| Low Power Consm. | 
| * | EPROM~on-package 
a | Software: | 
|_| Evaluation Kit 
|_| Emulator 
ia ES eee, 
| | Data Buffer 
i SI MOCRERS. 2 eel 


| Applicable Manual  _—s_i 


| Title | 



































1, CE is a NAND circuit of the address bus (A) 3 to 
Aj5) and the MCU internal R/W signal. 
(Refer below. ) 
Therefore, CE does not output in the dummy cycle. 
(When not accessing EPROM of HD63P01M) 


apceaidias | Other Data 
: | Title | 


Reference Q & A Sheet 


QA631-025A 
QA631-027A 





| Supplement | 
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Type | HD6301V1 ae 4S -*8S 6M 1oM  Softward 
HD6303R scan Evaluation kit, Emulator SD SBC 

Themg Usage of EPROM Socket Pins for the HD63PO0I1M Date | Nov. 24, 1983 
(No.3) 






| Question | 


1, With EPROM socket pins for the HD63P0I1M, 
(1) Can pins drive one TIL load or more? 
(2) If not, what can pins drive? 


Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 

A/D Converter 
Oscillator 

Reset 
Low Power Consm. 
EPROM-on—-package 
Software 
Evaluation Kit 


| | Emulator 


an Ee eer 
| | Data Buffer 
bes SOENG TS one 
| Applicable Manual 
| Title | 


* 


one TIL load. 
(2) Each pin can drive one NMOS load. 


| Other Data 
| Title | 


Reference Q & A Sheet 


QA631-025A 
QA631-026A 





Supplement 
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HD6301V Questions & Answers 


Type | HD6301V1 negiee 45 * 8S 8M 16M Software 
-HD6303R Evaluation kit, Emulator SD SBC 
Usage of Bit Manipulator Instructions (No.1) Nov. 24, 1983 
a 


Classification. 


pn) Parallel Port. 33 
Rae es 
|_| Timer/Counter | 
| | BUS Interface 
| | Interrupt 
| | A/D Converter | 
| =| Oscillator 

BEES eee, 
|_| Low Power Consm. | 
eee 
Software 

| [Evaluation Kit | 
Loge bi TaGOn S| 
eee Xo ii ene 
fs) Data Butter oo 3) 
ORers 
| Applicable Manual | 
pEvele | 


HD6301V Data Sheet 
HD6301V Users Manual 





1. How the bit manipulation instructions of the 
HD6301V should be written? 









1. They are written as follows; 
written as follows ; 























OIM # 


$0 4 (Direct Addressing) 
OIM #$04 


$ 10 
$10, X (Index Addressing) 


3 
D 










POC Cr Daa 
LTiele | 


Immediate Data Address Index Register 


This is an example of OR operation of the immediate 
data and the memory and storing the result in the 
memory. 
The HD6301V has the following bit manipulation 
instructions. 

OIM .»... (IMM) + (M) —> (M) 

AIM .... (IMM) + (M) —> (M) 

EIM .... (IMM) G) (M) — (M) 

TIM ..+. (IMM) + (M) 
These instructions are written in the same way. 


* Continued on the next 
| Supplement | 








Reference Q & A Sheet 


| No. | 
QA631-029A 
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— HD6301V Questions & Answers 


Type | HD6301V1 pees 4S * 8S 8M 16M Software 
HD6303R 7 Evaluation kit, Emulator SD SBC 


Usage of Bit Manipulator Instructions (No.2) 


The following bit manipulations have different mnumonicss in the same OP 
code. 









Bit Manipulation Insturction 


Mnumonics Function 


Mi 
71! 61; AIM BCLR memory bit i(i=0 to 7) is cleared and 
other bits don't change. 





OP code 

















Mi : 
The memory bit i(i=0 to 7) is set and the 
other bits don't change. 




















The memory bit i(i=0 to 7) is inverted and 
the other bits don't change. 
Ll + Mi 

AND operation test of the memory bit i(i=0 
to 7) and "1" is executed and its correspond 
ing condition code is changed. 













Direct Index 
Addressing Addressing 


The mnumonics mentiond above can be written as follows. 








BCLR 3, $10 >AIM #S F7, $10 (Direct Addressing) 
BCLR 3, $10, X <7AIM #5 F7, #$10 ~,X (Index Addressing) 
BSET 3, $10 <7oIM £508, $10 (Direct Addressing) 
BSET 3,$10,X 401M #8508, $10, X (Index Addressing) 
a | 
Bit Address Index Register 
For details, see HD6301V Users Manual. 
@ HITACHI 
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HD6301V Questions & Answers 


HD6303R Evaluation kit, Emulator SD SBC 
the Port 


Classification 


1. Are the bit manipulation instructions (AIM, OIM, | | Parallel Port | 
EIM, TIM) executable when a port is in the output | | Serial Port  _—si 
state (DDR=1)? | || Timer/Counter 
| | | | BUS Interface 
fo PCR Rupe i a) 
| | A/D Converter | 
Ln Oset ater 2. — 
pee ROS en 
| | Low Power Consm. | 
od EPROM-on-package. 
| | Evaluation Kit | 
| | Emulator 
ae ES ee eet: 
| | Data Buffer | 
CORRECTS 
—_ 


a 











1. It can be used if the port is in the output state 
(DDR=1). However, the bit manipulation instruc- 
tion is executed as follows ; 











1 Reads specified address. 
2 Executes logical operation 
3 Writes the result into the specified address. 







Since the specified address(1) reads the pin 
state of the port, ‘the data is influenced by the 
pins even if any data is output from the port. 










Reference Q & A Sheet 
| No. | 







QA631-028A 






| 
DDR : Data Direction Register 


This register selects whether in the port is the input or the output 
State. 

DDR = 0 : Data input 

DDR = 1 : Data output 


©) HITACHI 
1274 


HD6301V Questions & Answers 


Type] HD6301V1 Device | 45 *88 8M 16M Software 
HD6303R Evaluation kit, Emulator SD SBC 
RAM Access Disable during Program Execution Nov. 24, 1983 


Classification 

1, When executing a program with the RAME bit of th | | Parallel Port —si 
RAM Control Register disabled, | | Serial Port  —s 

| | Timer/Counter | 

(1) What occurs if the internal RAM address is | | BUS Interface —s_— 


accessed? Interrupt 
(2) What occurs if the interrupt requests are A/D Converter 
generated? | | Oscillator 
Reset 
Low Power Consm. 
EPROM-on-package 
Software 
Evaluation Kit 
Emulator 








Data Buffer 
Others 


Applicable Manual 


nw 





el TTT 
op) 
TF 












Answer 


1, (1) The external RAM can be accessed; the interna 
RAM is neither readable nor writable when the 
RAME bit is disabled. 










HD6301V Data Sheet 





HD6301V User's Manual 


OEMS Gaeta aee 
Eaacled 


(2) L£ there is no stacking area other than the 
internal RAM, the MPU will burst when : 
returning from the interrupt sequence. 





Reference Q & A Sheet 






| Supplement _ 


RAM Control Register 


76 
$0014 [__ 





* RAME='0' Disable the Internal RAM Address 
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2. HD6301X0/HD6303X OSCILLATOR CIRCUIT 


Quartz Oscillation Circuit 
1. Quartz oscillation circuit and oscillation 
conditions 


A typical quartz oscillation circuit and its 
equivalent circuit are shown in Fig. 1. 


Oscillation conditions can be represented as 
follows: 


|-Rz| > Re............. (1) 

Rz = gm/w’C,C, ......... (2) 

-Rz: Quartz circuit resistance (based on 
quartz) 


gm: Inverter transfer conductance 
gm: — dlout/dVin 


Therefore, normal oscillation can be performed if 
negative resistance is sufficiently high. 


However, oscillation stability is affected not only 
by external capacitance C1 and C2, but also by 
external factors such as floating capacitance or 
resistance dependent on substrate circuit 
patterns, power stability time, and interference 
from other signal lines. Accordingly, sufficient 
care should be taken to pattern designing of the 
oscillation terminal periphery. 


Regarding LSI, oscillation stability is affected by 
the inverter’s gm. gm changes depending on 
inverter input voltage of the inverter, i.e., bias 
voltage. 


2. Oscillation halt and countermeasure 


The oscillation circuit works under condition (1) 
above. However, in some cases, oscillation 
conditions are not satisfied because of the 
mutual interference described in 1 above. 


_ To assure oscillation start, add resistance RL to 
the input (EXTAL) terminal of the oscillation 
circuit to fix bias voltage. 2 to 5 Mohm resistance 
is best. | 


3. Explanation of oscillation halt and its 
countermeasure 


This section explains oscillation halt based on 
LSI internal circuits. 


A quartz oscillation circuit built in a | 
microcomputer consists of inverter A used for 
oscillation and inverter B providing clocks on the 
LSI internal circuit. 


Parasitic capacitance CM between these 
inverters’ output and input generates negative 
feedback with a feedback ratio of CM/Cl. Since 
inverter B appears in the same phase as inverter 
A, this negative feedback prevents oscillation. 


G: Inverter B gain 
(voltage amplification ratio) 


Inverter A’s gm relatively reduces to (3), and load 
resistance Rz of equation (2) also decreases, 
which prevents or stops oscillation. 


Reducing inverter B’s gain G increases gm 
according to (3). When resistance RL is added, 
inverter B’s gain G can be reduced since the 
bias voltage deviates from the maximum gain 
point. , 


However, applying resistance RL reduces the 
gain of oscillation inverter A itself. Too small RL 
results in adverse effects. A stimulation result of 
RL’s optimized value is shown in Fig. 5. This is a 
transfer curve showing the change of oscillation 
Circuit loop gain due to presence or absence of 
RL. It indicates that RL from 2-100 Mohm gives 
sufficient gain. However, optimum RL is 10 or 
less due to substrate leak current. 2-5 Mohm is 
best. 
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>< 
a 


EXTAL XTAL 


i i 


(a) Quartz oscillation circuit 


Cy 


Co 





(6b) Equivalent circuit 


Fig. 1 Quartz oscillation circuit and 
equivalent circuit 


EXTAL XTAL 


L 


Ri Ci Co 


i 


Fig. 2 Oscillation stop countermeasure 


i 
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> & To internal circuit 


EXTAL XTAL 
Cy Co 


KY 
ua it 


Fig. 3 Practical oscillation circuit 


Rf = 1 Mohm 
R,, R, = 500 ohm (ESD protective resistance) 


Vout 






Vin = Vout 


Vin 


Fig. 4 Inverter transfer curve 
(Input/output voltage characteristics) 


Bias voltage moves to the left on the 
transfer curve by adding RL 
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Supplementary Description 
(1) Inverter parasitic capacitance 


The inverter consists of a MOS transistor as 
shown in Fig. A. The MOS transistor has 
parasitic capacitance between its gate and 
drain, and called ‘‘mirror capacitance’”’ of the 
inverter. It is generated since a diffusion 
layer spreads under the gate during drain 
formation (Fig. B). 

Inverter gain and bias current 


The maximum inverter gain is achieved 
when an inverter is biased by the voltage 
level where input voltage is equal to output 
voltage. The maximum inclination point of 
the transfer curve of Fig. C corresponds to 
the maximum gain point. This voltage is 
called logic threshold voltage VLT. 


Oscillation circuit loop gain 


Gain of an oscillation circuit with open loop 
modification (Fig. D) is represented as 
follows: 


(2 


~— 


(3 


~~ 


|v; | 
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Gate 
0 | Mirror 
Y/)h3 Pa Capacitance 
Vout Sido. =- 
(Diffusion) 
Substrate 
Fig. A Inverter circuit Fig. B MOS transistor cross section 
Vout 






Vin = Vout 


Vit (Maximum Gain) 
Fig. C Inverter transfer curve 


V1 | V2 
2 iid 


Fig. D Open-loop modification of oscillation 
circuit 
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3. Wide Temperature 
Range Specifications 
-40°C to +85°C (J Version) 





The wide temperature range specifications for HD6301 and HD6303 devices are the same as 
the standard temperature range specifications, unless otherwise noted in Table |. The 

J version generic ordering number ends with letter J after the package designation, e.g., 
HD6301V1PUJ. 


Table [—Summary of Differences Between Standard and J Version Specifications. 


DEVICE TYPE SYMBOL STANDARD VERSION J VERSION 






















HD6301V1 
HD6303R 


3 
Package DP-40, CP-44, CP-52, DP-40, CP-44, CP-52, 
: FP-54, CG-40 FP-54* 






et an 
ne [assway  [ 
ca a Oe 





HD6301Y0 
HD6303Y RES, STBY 








DP-64S, CP-68, FP-64 DP-64S, CP-68, FP-64* 


*Please contact Hitachi Sales Office. 


0 ( 0 ( 
10 5 
5 5 

220 24 
2.0 2. 


_ _DP-64S, CP-68, FP-80 DP-64S, CP-68, FP-80* 
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WIDE TEMPERATURE 
SPECIFICATIONS 
~40°C TO +85°C 

(J VERSION) 












HD6301V1, HD63A01V1, 
HD63B01V1 






The HD6301V1 is an 8-bit CMOS single-chip microcom- __ 
puter unit, Object Code compatible with the HD6801. 4kB HD6301V1PJ, HD63A01V1PJ, HD63B01V1PJ_ 
ROM, 128 bytes RAM, Serial Communication Interface (SCI), 
parallel 1/O ports and multi function timer are incorporated 
in the HD6301V1. It is bus compatible with HMCS6800. Ex- 
ecution time of key instructions are improved and several 
new instructions are added to increase system throughput. 
The HD6301V1 can be expanded up to 65k words. Like the 
HMCS6800 family, I/O level is TTL compatible with +5.0V 
single power supply. As HD6301V1 is fabricated by the ad- 
vanced CMOS process technology, power dissipation is extreme- 
ly reduced. In addition to that, HD6301V1 has Sleep Mode and 
Standby Mode at lower power dissipation mode. Therefore 
flexible low power consumption application is possible. 


® FEATURES 
@ Object Code Upward Compatible with HD6801 Family 
@ Abundant On-Chip Functions Compatible with HD6801V0; 
4kB ROM,128 Bytes RAM, 29 Parallel 1/O Lines, 2 Lines of 
Data Strobe, 16-bit Timer, Serial Communication Interface 
Low Power Consumption Mode: Sleep Mode, Standby Mode 
Minimum Instruction Execution Time 
Tus (f= 1MHz), 0.67us (f= 1.5MHz), 0.5us (f= 2MHz) 

Bit Manipulation, Bit Test Instruction (CP-44) 
Protection from System Upset: Address Trap, On-Code Trap 
Up to 65k Words Address Space HD6301V1CPu, HD63A01V1CPJ, HD63B01V1CPJ 
Wide Operation Range 

f=0.1 to 2.0MHZ (Ver = 5V + 10%) 


e TYPE OF PRODUCTS ’ 
Bus Timing 


HD6301V1 


HD63A01V1 
HD63B01V1 





a GENERIC PART NUMBER 

HD6301V1PJ, HD63A01V1PJ, HD63B01V1PJ 
HD6301ViLJ, HD63A01V1LJ, HD63B01V1LJ** 
HD6301V1CPJ, HD63A01V1CPJ, HD63B01V1CPJ 





* Contact Hitachi Sales Office 
** HD63B01V1LJ Operates Only in Single Chip Mode 
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HD6301V1, HD63A01V1, HD63B01V1 






e PIN ARRANGEMENT 


¢ HD6301V1PJ, HD63A01V1PUJ, ¢ HD6301V1iLJ, HD63A01V1LJ, 
HD63B01V1PJ (DP-40) HD63B01V1LJ (CP-44) 


(Top View) 





(Top View) 


® BLOCK DIAGRAM 


fe 24 

a OnG =lgim 
are Jel 
>> lc |¢ 





128x8 4kx8 . 
RAM ROM 
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WIDE TEMPERATURE 
SPECIFICATIONS 
~40°C TO +85°C 

(J VERSION) 






¢ HD6301V1CPJ, HD63A01V1CPJ, 
HD63B01V1CPU (CP-52) 


° HD6301V1F*, HD63A01V1F*, 
HD63B01V1E* (FP-54) 





*Contact Hitachi Sales Office 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 








HD6301V1, HD63A01V1, HD63B01V1 


a 
= ABSOLUTE MAXIMUM RATINGS 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To 
assure the normal operation, we recommend Vin, Vout: Vss Ss (Vin OF Vout) = Voc: 

*K version (-40 to + 125°C) available. Contact sales office. 


@ ELECTRICAL CHARACTERISTICS . . 
@ DC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = -40 to + 85°C, unless otherwise noted.) 


item | Symbol | Test Condition | min | typ| max | Unit 
RES, STBY 
Vec J 
+0.3 


Input “High” Voltage | EXTAL Vin a: 
input “Low” Voltage | Allinputs | Va fT 


Input Leakage Current | NMI, !RQ,, RES, STBY Vin =0.5~Vec-0.5V] -— | 


< 
= 


LA 
Three State (off-state) | Pio~P 7, Pap~Pagq, esi! | Vin =0.5~Vece -0.5V 
m . 


Leakage Current Ps9~P 37, Pag™Pa7, ISS 
lon = ~200uUA 


‘ a = - 
Vo 


Output “‘Low” Voltage | All Outputs. t |lor= 


Input Capacitance All Inputs C, Vin= OV, f= 1.0MHz, ee 


BLA 


ro) 
3 
> 






pF 


3 


Ta= 25°C 
Vii(STBY) = 0 ~0.6V 
Vin(RES) = Vec- 0.5~ 

Veco V 


< 


ok 
dh 
° 


Standby Current Non Operation " pA 


Vii(RES) =0 ~0.6V 





Current Dissipation® mA 


fee] ete bpd [eed 
ao] 


Operating (f=1MHz**) 
Sleeping (f=1MHz**) 
* Ving.min = Vec-1.0V, Vit max = 0.8V 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula; 
typ. value (f =x MHz) =typ. value (f = 1MHz) xx 
max, value (f =x MHz) = max. value (f = 1MHz) x x 
(both the sleeping and operating) 


3) 
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HD6301V1, HD63A01V1, HD63B01V1 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 





@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = -40 to + 85°C, unless otherwise noted.) 


BUS TIMING 
Item Symbol 


Cycle Time 

Address Strobe Pulse Width 
“High” 

Address Strobe Rise Time 
Address Strobe Fall Time 
Address Strobe Delay Time tasp 
Enable Rise Time 
Enable Fall Time E 
Enable Pulse Width “High” Level 
Enable Pulse Width “Low” Level | PW 


Address Strobe to Enable Delay 
Time 


r 


«a 


o> Cond ba ; 
r & 
<= 


m 


Address Delay Time 
Address Delay Time for Latch tao 


Data Set-up Time 


; 
Data Hold Time 
| Write | 


~ Address Set-up Time for Latch tas- 
Address Hold Time for Latch taHL 

Address Hoid Time 

Ao ~ Az Set-up Time Before E 


Non-Multiplexed 


Access Time : 

Multiplexed Bus | (taccm 
Oscillator stabilization Time tac 
Processor Control Set-up Time tecs 


PERIPHERAL PORT TIMING 


Item Symbol} Con 


Peripheral Data | 
Hold Time Port 1,2, 3, 4 


Delay Time, Enable Positive 

Transition to OS3 Negative 

Transition 

Delay Time, Enable Positive 

Transition to OS3 Positive tosp2 

Transition 

Delay Time, Enable Nega- Port 1 

tive Transition to Peri- 2°3 4 teu 

pheral Data Valid. eis 

Input Strobe Pulse Width Fig. 5-6 | | 


F,52] 160] — | — [10. 
Fees] of- |= | 9) 





Input Data Hold Time | Port3 lt | 
Input Data Setup Time | Port3 [tis | 


* Except P24 | 
**Refer to Pages 189-190 
***Refer to Pages 159-160 


< 


N 
~ 
© 


DOR OCUUI RRR OURISUROCRR ROH 
ae] 





= 
Plo 


—_ 
— 
= ry 
2. * 
» 


t+ 

‘ 
NO 
J 
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Unit 


us 
ns 


ns 


ns”. 


ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ms 
ns 


» [in [vo [ max] min | wo [max] min vp [ max 


Peripheral Data Fig. 5-3 


n 


a 


Ss 
a 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


HD6301V1, HD63A01V1, HD63B01V1 






TIMER, SCI TIMING 


i; ie ee a HD6301V1 HD63A01V1 HD63B01V1 iis 
em ymbol | Con- ni 


[max] min [min] tye | max! 
Tnerppahinwioh Tear] | 20] -1- [eel - 1 - [eel - | - Lom 
Delay Time, Enable Positive ; 
Transition to Timer Out PTOB!. “rao |= | = [400] - | - | 400 ee 
SCI Input Clock Cycle [tse | | 20] - | - [20] - | - [20] - | - [tere 
SCI Input Clock Pulse Wath —[ wwscx] [04 | = [oe [oa] - [0s [oa] — [08 [toon 


MODE PROGRAMMING 


Test HD6301V1 HD63A01V1 HD63B01V1 
Item Symbol | Con- Unit 
dition 


[nin [ove ax [ in [ve [max [in] we | max 
RES “Low” Pulse Width (3 [-]- |3 |- |] - |3 | - |] - | te 
Mode Programming Set-up Time mn aS eae 
Mode ProgrammingHold Time |[twen | | 150| - | — [150] - | — | 150] - | — | ns 

**Refer to Pages 189-190 
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HD63B01 X0 


The HD6301X0 is a CMOS single-chip microcomputer unit 
(MCU) which includes a CPU compatible with the HD6301V1, 
4k bytes of ROM, 192 bytes of RAM, 53 parallel I/O pins, a 
Serial Communication Interface (SCI) and two timers on chip. 


FEATURES 


Abundant On-chip Functions 


Instruction Set Compatible with the HD6301V1 


4k Bytes of ROM, 192 Bytes of RAM 


53 Parallel 1/O Ports 

16-Bit Programmable Timer 
8-Bit Reloadable Timer 

Serial Communication Interface 
Memory Ready 

Halt 


HD6301X0, HD63A01X0, 


Error-Detection (Address Trap, Op Code Trap) 


Interrupts ...3 External, 7 Internal 
Operation Mode 


Mode 1... Expanded (Internal ROM Inhibited) 
Mode 2... Expanded (Internal ROM Valid) 


Mode 3... Single-chip Mode 
Low Power Dissipation Mode 
Sleep 
Standby 
Wide Range of Operation 
Vec= ~* f 


ocooo 


to 
to 
to 2.0MHz 
to 


=n =n oh 
Nou od tt 


we GENERIC PART NUMBER 


1.0MHz : HD6303Y 
1.5MHz : HD63A03Y 


: HD63B03Y 


3.0MHz : HD63C03Y 


HD6301X0PJ, HD63A01X0PJ, HD63B01X0PJ 


HD6301X0CPJ, HD63A01X0CPJ, HD63B01X0CPJ 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 






HD6301 X0PJ, HD63A01X0PJ, 
HD63B01X0PJ 


(DP-64S) 


~“ HD6301X0CPJ, HD63A01X0CPu, 
HD63B01X0CPJ 


(CP-68) 


HD6301X0F*, HD63A01X0F*, 
- HD63B01X0F* 


(FP-80) 





*Contact Hitachi Sales Office 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 








HD6301X0, HD63A01X0, HD63B01X0 


@ PIN ARRANGEMENT 

@ HD6301X0PJ, HD63A01X0PJ, HD63B01X0PJ HD6301X0CPJ, HD63A01X0CPJ ¢ HD6301X0F*, 
HD63B01X0CPJ HD63A01X0F*, 
HD63B01X0F* 





(Top View) 
(CP-68) 





*Contact Hitachi Sales Office 


(Top View) 
(DP-64S) 
® BLOCK DIAGRAM 


Ves 
Ves 


Mode 
—~— Mode 1, Mode 2 


Prof Tin) 
Pa.(Toutt) 
P2xfSCLK) 
Paix) 
Pre{T x) 
Py(Tout2)} 
Pref Tout3) 
Par(TCLK) 


Pro/RD 
P,,/WR 
PrfhiN 
Pr /LTR 
Pre/BA 


Px9/Do 
3/0; 
P32/D2 
Py3/D) 
Py/D, 
Py /D, 
Pxe/De 
Py7/0) 


Pre/Ao 
PisfAr 
Pr2/A2 
Pis/Ay 
Pre/Aa 
Pis/Ag 
PrelAe 
Pur/Ay 


Pee/Ae 

Par/Ae 

Par/Are 
Pas/Ayi 
Pac/Ary 
Pas/Ary 
Pee/Are 
Par/Arg 
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HD6301X0, HD63A01X0, HD63B01X0 







WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


= ABSOLUTE MAXIMUM RATINGS 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To 
assure the normal operation, we recommend V;,, Vout: Vss <= (Vin OF Vout) = Voc: 


8 ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V+10%, Vss = OV, Ta = -40 to + 85°C, unless otherwise noted.) 


Input “High” Voltage EXTAL Vv 
Other Inputs | 2.00 | 


Vin 
Input “Low” Voltage All Inputs Vic 


Input Leakage Current Mes Me stele Vin = 0.5~ Vec-0.5V 


Three State (off-state) ee 

Leakage Current Ports 1,2,3,4,6,7 | IItsil Vin = 0.5~ Vec-0.5V - po 
= -200 

eae clean ST 7 a a 


V 
ou lon = -10uA Vec-0.7 
Output “Low” Voltage All Outputs VoL lo, = 1.6MA 
Darlington Drive 
Current 
Cin 


Vout = 1.5V 
Input Capacitance All Inputs Ta=25°C 


10 | 

Vin = OV, f = IMHz, es 

Standby Current laa Rasgee 8 
Sleeping (f = IMHz**) | 

a 

| = 

Rens 

Let 

bee 


Unit 


Vec Vv 


- 
< 
Ao) 


+ 
© 
3 
> 







UA 


LA 


Isup Sleeping (f = 1.5MHz**) 


Operating (f = 1.5MHz**) 
RAM Standby Voltage Vem [Oo ti(‘(‘“L 2 


"Vin min = Vec-1.0V, Viz max = 0.8V {All output terminals are at no load.) 


Current Dissipation® 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 


typ. value (f =x MHz) =typ. value (f= 1MHz) xx 
max. value (f =x MHz) = max. value (f = 1MHz) xx 


_(both the sleeping and operating) 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 







@ AC CHARACTERISTICS (Vcc = 5.0V110%, Vss = OV, Ta = -40 to +85°C, unless otherwise noted.) 


BUS TIMING 


Test 
sas seme | conten [aie [aor | mak Pa [ona [a a an 

Cycle Time | 1 | - [10 [oss] - [| 10 [os | - | 10 | 

Enable Rise Time lter | f- {| - [ae] -{|- {af - | - | 25] 
Enable Fall Time [ter Pp - | - | 2] - | - | 2] - | - | 
Enable Pulse Width “High” Level” |PWen _| | 450 | — | - | 300] - | —- | 220] - | 
Enable Pulse Width “Low” Level” |} 450] — | — | 300} - | — | 220/ - | 
Address, R/W Delay Time* [tan _| | - | — | 20] - | - [190[ - [ - | 
Data Delay Time | Write | toow_| | - | - [200] - | - | reo[ - | - | 
DataSetupTime [Read | tosr__| | so} —- | - {| 7 | - | - | vw] - 
Address, R/W Hold Time* [tan | 80 | - | - | sof] - | - | 3 { - | 
eee |Write* [tw | | 80} - | - | 5 | - | - | ao] - | 
| Read [tun Pof-{]-]fojf-{f[- fof - 
RD, WA Pulse Width* _|PWaw _ 450 | - | - | 300] - | - | 220/ - | 
__RD, WR Delay Time |trwo | p- | - [| 4[-{|-[a[- | - 
RD, WR Hold Time [tHAW | SS ee eS a Se 
RX Delay Time | - | - | 200] - | - | wo} - | - | 
LIR Hold Time | io | - | - | 10 | - | - | to] - | 
MR Set-up Time™ | re ee 
MR Hold Time* [tama _| | - | - | 90 | - | — | 40] - | - | 
E Clock Pulse Width at MR  PWema | }--/[-|[o9[-{-[9{-[- | 
siameeneenl te, tat etl ar, 
Processor Control! Rise Time toes. oesee |: ce OOP ex, Ai ice 1 4004N care Lie. | 
__ Processor Control Fall Time itece | — | — | 10{ —- | —- [ wof - | - | 
BA Delay Time tea |Fig.-3**] — | — | 250/ - | - | 190] - | - | 
Oscillator Stabilization Time |tac _|Fig.1-12**] 20 | — | - | 20} - | - | 20] - | 
Reset Pulse Width PWast | S|] 3] - | ~ [ 3B LT - [- [3 |] - | 


* These timings change in approximate proportion to teyc. The figures in this characteristics represent those when teyc is 
minimum (# in the highest speed operation). 


**Refer to Pages 466-469 


PERIPHERAL PORT TIMING 


Item Symbol Test HD6301X0 HD63A01X0 'HD63B01X0 
nye | conaition [isin Ty [ox [min [ wp | wp 


Peripheral Data 
Set-up Time Ports 2,3,5,6 


Peripheral Data | 
Hold Time Ports 2,3,5,6 


Delay Time (Enable 
Negative Transition to Bhs : = 
Peripheral Data Valid) evese 


**Refer to Pages 466-469 
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HD6301X0, HD63A01X0, HD63B01X0 


ps 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Us 


ns 


ns 
ns 
ns 


ns 


2 
7) 









HD6301X0, HD63A01X0, HD63B01X0 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


TIMER, SCI TIMING 


| sumbo) |. Test | 
= Cortera | ve [oes tin fe fom frie fp fn] 


Timer 1 Input Pulse Width teye 





ears eed vo [rome] = [= [wo] - [= [oo] = | — [oo 
Transition to Timer Output) TOD Fig, ais ns 
SCI Input |_Asyne. Mode fFig.tess [io | - | - [10] - | - | 10 | - | - | tae 
Clock Cycle [Clock Syne rosie [20 | - [| - [20] —- | - [20] — | — | to 
SCI Transmit Data Delay t = 
Time (Clock Sync. Mode) TXO 

SCI Receive Data Set-up ere: e 
Time (Clock Sync. Mode) Fig. i 

SCI Receive Data Hold Time a 
(Clock Sync. Mode) 

simcoaranwan | wo] fo] — [oe fon] - fo [or] - [os | wn 
Timer 2 Input Clock Gyele | tee raat - [| - [2o[-| = [aol - 7 - Te 
Timer 2 Input Clock Pulse t , 
Width PWTCK , 
Timer 1°2, SCI Input Clock 

Rise Time ns 
Timer 1°2, SCI Input Clock 

Fall Time ds 


**Refer to Pages 466-469 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 
(J VERSION) 


The HD6301Y0 is a CMOS 8-bit single-chip microcomputer 
unit which contains a CPU compatible with the CMOS 8-bit 
microcomputer HD6301V, 16k bytes of ROM, 256 bytes of RAM, 
53 parallel I/O pins, Serial Communication Interface (SCI) and two 
timers. 


FEATURES 
Instruction Set Compatible with the HD6301V1 
16k Bytes of ROM, 256 Bytes of RAM 
53 Parallel I/O Pins 
(48 1/0 Pins, 5 Output Pins) 
Parallel Handshake Interface (Port 6) 
Darlington Transistor Drive (Port 2, 6) 
@ 16-Bit Programmable Timer 
Input Capture Register < 1 
Free Running Counter X 1 
Output Compare Register < 2 
@ 8-Bit Reloadable Timer 
External Event Counter 
Square Wave Generation 
@ Serial Communication Interface (SCI) 
Asynchronous Mode (8 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 


@ Memory Ready 
3 Kinds of Memory Ready 
@ Halt 


@ Error Detection 
(Address Error, Op-code Error) 

@ ‘interrupt — External 3, Internal 7 
@ Operation Mode 

Mode 1; Expanded Mode 

(Internal ROM Inhibited) 

Mode 2; Expanded Mode 

(Internal ROM Valid) 

Mode 3; Single Chip Mode 
@ Maximum 65K Bytes Address Space 
@ Low Power Dissipation Mode 

Sleep Mode 

Standby Mode (Hardware Standby, Software Standby) 
@ Minimum Instruction Execution Time — O0.5us (f = 2MHz) 
@ Wide Range of Operation 


- 


1 

1.5MHz : HD63A01Y0 
2.0MHz : HD63B01Y0 
3 


Vec=5V+ 10% 
.OMHz : HD63C01 YO 


nn oh 
Huu 
oooo 
ok ok eh 


oooo 


.OMHz : HD6301Y0 


7 


uw GENERIC PART NUMBER 


HD6301YOPJ, HD63A01Y0PJ, HD63B01Y0PJ, HD63C01YOPJ 
HD6301YOCPJ, HD63AA01YOCPJ, HD63B01Y0CPuJ, HD63C01YOCPJ 







HD6301Y0, HD63A01 YO, 
HD63B01Y0, HD63C01Y0 






HD6301YOPJ, HD63A01YOPuJ, 
HD63B01Y0PJ, HD63C01YOPJ 


(DP-64S) 


HD6301Y0CPJ, HD63A01YOCPJ, 
HD63B01YOCPJ, HD63C01YOCPJ 


(CP-68) 


HD6301 YOF*, HD63A01Y0F*, 
HD63B01 YOF*, HD63C01 YOF* 





(FP-64) 


*Contact Hitachi Sales Office 
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HD6301Y0, HD63A01 YO, HD63B01Y0, HD63C01Y0 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


w PIN ARRANGEMENT 
e HD6301YOPJ, HD63A01YOPJ, 
HD63B01Y0PJ, HD63C01Y0PJ 


¢ HD6301YOCPJ, HD63A01YOCPUJ, 
HD63B01 YOCPJ, HD6301YOCPJ 





(Top View) 
(CP-68) 


e HD6301Y0F*, HD63A01Y0F*, 
HD63B01 Y0OF*, HD63C01 YOF* 





(Top View) 
(DP-64S) 





(Top View) | 
(FP-64) 


*Contact Hitachi Sales Office 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0 












# BLOCK DIAGRAM 






















Paol(Tin ) q z 
Pos( Touts) 4 4 Lo 
Pax(SCLK) itis 5 
Pox(Rx ) TT e “ 
pte) ate tS Pra/BA 
pao) | & 
20( Touts) 
Par(TCLK) vn Ti I) Rs P30/Do 
‘ P91/D; 
P32/D2 
a 
L TIMER} fai m3 Pax/Ds 
9° > Pye/Da 
P3s/Ds 
Pye/De 
P37/07 


P10/Ao 

Pir/Ar 
- Pi2/Aa 
3 Pis/Ay 
° Pis/Aa 
Pis/As 
Pie/As 
Pyr/Ay 




















Pao/As 
« Par/As 
Cie Pa2/Ara 
e 
ei a Pas/Art 
z&/|e Pac/Ara 
9 Pas/Ar3 
Pas/Ara 
Par/Ary 
Pea o/lo 
Pes Ele 


. 
Pes 4 
Puc E RAM ROM 
Pee. 256Bytes 16kBytes 
Per 
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HD6301Y0, HD63A01 Y0, HD63B01Y0, HD63C01Y0 







(J VERSION) 


Electrical Characteristics HD6301Y0, HD63A01Y0, HD63B01 Y0, and HD63C01 YO 


Absolute Maximum Ratings 














Item Symbol Value Unit 

Supply voltage Vcc —0.3 to +7.0 V 

Input voltage Vin —0.3 to Vec+0.3 V 

Operating temperature Topr -40 to +85 5 @ 

Storage temperature Tstg — 55 to +150 °C 
Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend V,,, Vou: Vss2 (Vin OF Vou) SVec. 


Electrical Characteristics 


DC Characteristics 
(VCC = 5.0V + 10%, f = 0.1 to 3.0 MHz, VSS = OV, Ta = -40 to +85°C, unless otherwise noted.) 











ttem Symbol Min Typ fAax Unit Test Condition 
Input high voltage RES, STBY, Vin Vec—0.5 Vec+0.3 V 
EXTAL Vcc X0.7 Vect+0.3 V 
Other inputs 2.1 Vect0.3 V 
Input low voltage All other inputs Vit -0.3 0.8/0.63 = V 
Input leakage current RES, NMI, STBY, Hinl 1.0 uA -Vin=0.5 to Vec—0.5 V 
MPo, MP1 
Three state Ag-A15, D0-D7, RD, first | 1.0 wA  Vin=0.5 to Vec—0.5 V 
leakage current WR, R/W, Ports 2,5,6 
Output high voltage V 2.4 V lou= — 200 vA 
aoe : All Outputs ae on u 
Vec—0.7 V lon =—-10 pA 
Output low voltage All Outputs VoL 0.4 V loL=1.6 mA 
Darlington drive Ports 2, 6 —lon 1.0 10.0 mA Vout =1.5 V 
current 
Input capacitance All other inputs Cin 12.6 pF Vin=0 V, f=1 MHz, 
Ta=25°C 
Standby current Not operating IstB 3.0 15.0 uA 
Current dissipation! ISLP 15 3.0 mA Sleeping (f=1 MHz?) 
23 45 mA = Sleeping (f=1.5 MHz?) 
30 60 mA Sleeping (f=2 MHz?) 
45 9.0 mA Sleeping (f=3 MHz?) 
Icc 7.0 10.0 mA Operating (f=1 MHz2) 
10.5 15.0 mA Operating (f=1.5 MHz?) 
14.0 20.0 mA = Operating (f=2 MHz?) 
21.0 30.0 mA Operating (f=3 MHz2) 
RAM standby voltage VRAM 2.0 V 
Notes : 


1. Vian min=V, -—1.0V, Vi, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=x MHz) =typ value (f=1 MHz) xx 
max. value (f=xMHz)  =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
3. In case of SCLK input. V, = 0.6V (— 20°C ~ O°C) 


© HITACHI 


WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 


1297 





WIDE TEMPERATURE HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 










AC Characteristics 
(Vec= 5.0V + 10%, f=0.1 to 3.0 MHz, Vs, =0 V, Ta=-40 to + 85°C, unless otherwise noted) 


Bus Timing 





















































HD6301 YO HD63A01 YO HD63B01YO _  HD63COTYO 

Item Symbol = Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit ae 
Cycle time teyc 1 10 = 0.666" 10 0.5 10 0.333 10 us Fig. [-1" 
Enable rise time ter 25 - 25 25 20 ns 
Enable fall time ter 25 25 25 20. ns 
Enable pulse width high level! PWen 450 300 220 140 ns 
Enable pulse width low level?! PWe. 450 300 220 140 ns - 
Address, R/W delay time! taD 250 190 160 120 ns 
Data delay time (Write) toow . 200 160 120 100 As 
Data set-up time (Read) tosR 80 70 60 50 ns 
Address, R/W hold time? taH 80 50 40 20 | ns 
Data hold time (Write)! tHw 80 50 40 20 ns 

(Read) tur 0 0 0 0 ns 
RD, WR pulse width! PWraw 450 300 220 140 ns 
RO, WR delay time trwo 40 40 40 40 ns. 
RD, WR hold time tHRW 20 20 20 20 sons | 
TR delay time | toLr 200 160 12000 80 ons 
TIR hold time tHLR 5 5 . 5 5 ns 
Peripheral read access time! tacc 180 ns 
MR set-up time? tSMR 400 280 230 170 ns Fig. 1-2* - 
MR hold time!  tHMR 100 70 50 25 #27NS 
E clock pulse width at MR PWemr 9 9 9 9 us 
Processor cont! <at-up time tpcs 200 200 200 100 ns ape a 
Processor control rise time tr 100 100 100 60° ng EY 
Processor controt fall time tpcy _ »i 100 . 100 100 50 ns 
BA delay time ‘3 tBa 250 190 160 120 ns Fig. I-3* 
Oscillator stabilization time trc 20 20 20 20 ms_ Fig. 1-14" 
Reset pulse width PWerst 3 3 3 3 | teye 


~ 





Note: 1. These timings change in approximate proportion to teyc. The figures in this characteristics represent those when teye is minimum (=in 
the highest speed operation). 


*Refer to Pages 611-614 
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0 WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 










Peripheral Port Timing 


HD6301Y0 HD63A01Y0 HD63B01Y0 HD63C01 YO 


Test 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Peripheral data (Ports 1, 2, 3, . rn 
set-up time 4, 5, 6) tPppsu 200 200 200 200 ns Fig. 1-5 
Peripheral data (Ports 1, 2, 3, 
Hold tine 4, 5, 6) tPDH 200 200 200 200 ns 
Delay time (From 
enable falledge (Ports 1,2,3, 1, 300 300 300 300 ns Fig. 1-6" 
4, 5, 6, 7) 
peripheral output) 
pUEStObe pulse tpwis 200 200 200 200 ns Fig. 1-10" 
width 
ene APCS) tH 150 150 150 150 ns 
Hel data set-up (port 6) tis 100 100 100 100 ns 
oe strobe tosp; 200 200 200 200 ns_ Fig. 1-11" 
tosDe2 
*Refer to Pages 611-614 
Timer, SCI Timing 
HD6301Y0 HD63A01Y0 HD63B01Y0 HD63C01Y0 
Test 

Item Symbol! Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Condition 
Timer 1 input pulse width tpwT 2.0 2.0 2.0 2.0 tcyc Fig. 1-9* 
Delay time (enable positive ‘4 1-7 1.9% 
transition to timer output) tToD 400 400 400 | 400 ns_ Fig. 1-7, 1-8 

: ; ; 1. 1.0 t Fig. 1-9* 
SCI input (Async. mode) tscyc 1.0 1.0 0 cyc Fig. 1-9 
lock cycl 
crock cycle (Clock sync.) 2.0 2.0 2.0 2.0 teye Fig. 1-4* 
SCI transmit data delay ; ( 
time (Clock sync. mode) {TxD 240 240 240 240 ns_ Fig. 1-4 
SCI receive data set-up 
time (Clock sync. mode) 'SRX 200 260 as ace nS 
SCI receive data hold time 
(Clock sync. mode) tHRX 100 100 100 100 ns 
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tScyc Fig. 1-9* 
Timer 2 input clock cycle ttcyc 2.0 2.0 2.0 2.0 tcyc 
Timer 2 input clock pulse width tpwtcK 200 200 200 200 ns 
Timer 1°2, SCI input clock 
rise time tCkr 100 100 100 50 ns 
Timer 1¢2, SCI input clock 
fall time tCKf 100 100 100 50 ons 
“Refer to Pages 611-614 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 






HD6303R, HD63A03R, 
HD63B03R 





The HD6303R is an 8-bit CMOS micro processing unit HD6303RPJ. HD63A03RPJ 
which has the completely compatible instruction set with the HD63BO3RPJ ? 
HD6301V1. 128 bytes RAM, Serial Communication Interface 
(SCI), parallel I/O ports and multi function timer are incorpora- 
ted in the HD6303R. It is bus compatible with HMCS6800 and 
can be expanded up. to 65k words. Like the HMCS6800 family, 
1/O levels is TTL compatible with +5.0V single power supply. 
As the HD6303R is CMOS MPU, power dissipation is extremely 
low. And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible. 


a FEATURES 

@ Object Code Upward Compatible with the HD6800, HD6801, 
HD6802 | 

: Multiplexed Bus (Do~D7/Ao~Az), Non Multiplexed Bus HD6303RCPJ, HD63A03RCPY, 

@ Abundant On-Chip Functions Compatible with the HD63B03RCPuU 
HD6301V1; 128 Bytes RAM, 13 Parallel !1/O Lines, 16-bit 

| Timer, Serial Communication Interface (SC!) 

-@ Low Power Consumption Mode; Sleep Mode, Stand-By Mode 


@ Minimum Instruction Execution Time 

tus (f= 1MHz), 0.67us (f=1.5MHz), 0.5us (f=2.0MHz) 
@ Bit Manipulation, Bit Test Instruction 
@ Error Detecting Function; Address Trap, Op Code Trap 
@ Up to 65k Words Address Space 








@ TYPE OF PRODUCTS (CP-52) 
Bus Timing 











HD6303R 
HD63A03R 
HD63B03R 


HD6303RF*, HD63A03RF*, 
HD63B03RF* 


= GENERIC PART NUMBER 
HD6303RPJ, HD63A03RPJ, HD63B03RPJ 
HD6303RCPJ, HD63A03RCPJ, HD63B03RCPJ 





(FP-54) 


*Contact Hitachi Sales Office 
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= PIN ARRANGEMENT 


© HD6303RPJ, HD63A03RPy, 
HD63B03RPU 





(Top View) 
(DP-40) 


a BLOCK DIAGRAM 





HD6303R, HD63A03R, HD63B03R — 









WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


e HD6303RF*, 
HD63A03RF*, 
HD63B03RF* 


e HD6303RCPJ, HD63A03RCPy, 
HD63BO03RCPJ 






qo Dae 
= <a aad 
vee ges e832 Se 
S| PUR EL ea fal [St St SL! 
NC (J faq NC 
RES (4 qq 02/A; 
44) O3/A9 
P20 {iT} 73 Da/Aa 
Par aa NC 
P22 [iD 41} O5/As 
P29 Ta ay O6/As 
Pra 9 Dr/Ay 
NC rq NC 
Ao/P io 37} An 
Av/Pu Wa) As 
Az/P ia A Ao 


on ge Oe ee - ~ 





(Top View) 
(CP-52) 


(Top View) 
(FP-54) 


*Contact Hitachi Sales Office 


Buffers 


Pio/Ao 
Pir /Ay 
P12/A2 
Pi3/A3 
Pia/Ag 
Pis/Ag 
Pie /Ag 
Pi7/A7 


Address 


Buffers 


128x8 
RAM 
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WIDE TEMPERATURE HD6303R, HD63A03R, HD63B03R 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 





= ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vee V 
Input Voltage Vin V 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To 
assure the normal operation, we recommend Vin; Vout: Vss = (Vin OF Vout) = Voc: 

*K version (~40 to + 125°C) available. Contact sales office. 


@ DC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = -40 to +85°C, unless otherwise noted.) 


Item Test Condition | min | typ| max | Unit 
RES, STBY |Vec-0.5| — | 
Eee 
al 


5 
Input “‘High”’ Voltage EXTAL Vin Vecx0.7 V 
0.7 


Vec 
+0.3 


[20 
“input “Low” Voltage ee ee 
input Leakage Current_| NMI, (RO, AES, STEV| int [Vn =O5-Vec0sv] — | —_ 


Three State (off-state) Pig~Pi7, Pop~P oq, 2 
Leakage Current Do~D7, As~Ais IItsi! | Vin =0.5~Vee-0.5V uA 
ine 
OH = -'Uu cc™ 
Output “Low” Voltage | All Outputs lou = 1.6mA | — | — | 0.55] V 
votes [atte [oe ferme =| — | [sw 
a = 
Standby Current | Non Operation | Ign | vamtuni-o-vav [| 20 | 150] pa 
= 0.5 ~ = 
es en 
ViL(RES) = 0 ~0.6V 
Current Dissipation® Operating(f=IMHz**)| — | 6.0 | 10.0 
cai Sleeping (tramHe™*)[ = [1.0 [ 20] ™ 


* Vig min = Voc-1.0V, Vi, max = 0.8V : 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula; 





typ. value (f =xMHz) = typ. value (f = 1MHz) xx 
max. value (f = xMHz) = max. value (f = 1MHz) x x 


(both the sleeping and operating) 
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HD6303R, HD63A03R, HD63B03R WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 











@ AC CHARACTERISTICS (Vcc = 5.0V+t10%, Vsg = OV, Ta = -40 to + 85°C, unless otherwise noted.) 


BUS TIMING 
Test HD6303R HD63A03R HD63B03R ; 
Item Symbol} Con- Unit 
‘dition 
Cycle Time” tive ps 


mot 
Tc 


[op 
a 
oO 


Address Strobe Pulse Width 
“High” 


Address Strobe Rise Time. 
Address Strobe Fall Time 
Address Strobe Delay Time 
Enable Rise Time 

Enable Fall Time 

Enable Pulse Width “High” Level 
Enable Pulse Width “Low” Level | PWe, 


[od 
< 
ie) 
oO 
- 
< 
NO 
© 
p=) 
a 








Address Strobe to Enable Delay fe 

Time . taseo 
t 

Address Delay Time Ae ~ 

Address Delay Time for Latch tao ns 

Data Set-up Tj Write ns 

ata Set-up Time 
: ns 
ns 


Data Hold Time Write _| 


Address Set-up Time for Latch tase 
Address Hold Time for Latch taHL 
Address Hold Time 

Ao ~ Az Set-up Time Before E 


' Non-Multiplexed 
Peripheral Read | gy, 
Access Time 
oe Multiplexed Bus 


Oscillator stabilization Time 
Processor Control Set-up Time tecs 


Blsl'|' [elslsle[sfo/3/3|! ||| 8 (88 | | 
NO 
; oO 
RO NO _ | = 
eTeyst pete PT b fe iaiala| «ef 
a 


Gd) 
© 
Oo 








Fig. 2-7-1 


m 
a 
i] 
Ww 
oO 
oO 





Fig. 2-8-1 


PERIPHERAL PORT TIMING 


Test HD6303R HD63A03R HD63B03R 
Item Symbol | Con- 


_ Peripheral Data. Fig.5-3** 

fag [rocia [vow food wo] =| — 
Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


* Except P32; 


** Refer to Pages 189-190 
*** Refer to Pages 159-160 


Unit 


> 
a 


S 
a 


od 
< 
p= | 
” 
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WIDE TEMPERATURE HD6303R, HD63A03R, HD63B03R 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 













TIMER, SCI TIMING 


oe RE ass a 
____|dition | min | typ | max| min| typ | max] min] typ | max 
Timer Input Pulse Width Mtewe coe Oe | es 
2 Seoseosece 
Transition to Timer Out roe ve 

SCI input clock yee | sae | 20 - | - [20] = T= ao | = [ree 
SOI Input Gock Pulse Width | wwscx| 04 |— [oe [oa] - [oe [oa] — 108 [ter 


MODE PROGRAMMING 


Test HD6303R HD63A03R HD63B03R 
Symbol | Con- Unit 
dition 


= cee yp oto | akin | [ai | We. | re 
RES “Low” Pulse Width [Sta (8 eS a | tae 
Mode Programming Set-up Time ra eS ee Oe ee ee eee 
Mode Programming Hold Time I tueH | | 150| — | — | 150] — | — [150] - | ns 
**Refer to Pages 189-190 - 
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HD63B03X 


The HD6303X is a CMOS 8-bit micro processing unit (MPU) 


which includes a CPU compatible with the HD6301VI, 192 
bytes of RAM, 24 parallel I/O pins, a Serial Communication 
Interface (SCI) and two timers on chip. 


FEATURES 
@ Instruction Set Compatible with the HD6301V1 
@ Abundant On-chip Functions 
192 Bytes of RAM 
24 Parallel 1/O Ports 
16-Bit Programmable Timer 
8-Bit Reloadable Timer 
Serial Communication Interface 
Memory Ready 
Halt 
Error-Detection (Address Trap, Op Code Trap) 
Interrupts...3 External, 7 Internal 
Up to 65k Bytes Address Space 
Low Power Dissipation Mode 
Sleep 
Standby 
Minimum Instruction Execution Time __ 
1 us (f = 1 MHz), 0.67 ws (f = 1.5 MHz), 0.5 us (f = 2.0 
MHz). 
Wide Operating Range 
Vcc=3~6V (f=0.1 ~0:5MHz). 


f = 0.1 to 2.0 MHz (Vcc = 5V + 10%) 


°o 


TYPE Of PRODUCTS 


Type No. Bus Timing 
HD6303X 1 MHz 
HD63A03X 1.5 MHz 
HD63B03X 2 MHz 


m GENERIC PART NUMBER 
HD6303XPJ, HD63A03XPJ, HD63B03XPJ 
HD6303XCPJ, HD63A03XCPJ, HD63B03XCPJ 


HD6303X, HD63A03X, 









WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 






HD6303XPJ, HD63A03XPU, 
HD63B03XPJ 





(DP-64S) 


HD6303XCPJ, HD63A03XCPUJ, 
HD63B03XCPJ 


(CP-68) 


HD6303XF*, HD63A03XF*, 
HD63B03XF* 


(FP-80) 


*Contact Hitachi Sales Office 


© HITACHI 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


HD6303X, HD63A03X, HD63B03X 







® PIN ARRANGEMENT 


© HD6303XPJ, HD63A03XP\V, 
HD63B03XPJ 


e HD6303XCPJ, HD63A03XCPJ, HD63B03XCPUJ © HD6303XF*, HD63A03XF*, 
HD63B03XF * 

















(Top View) 
(CP-68) 
(Top View) aa 
(DP-64S) - Prom 
g ’ . 7 7 
BLOCK DIAGRAM *Contact Hitachi Sales Office 
> 
igo ool «See Rey 
Vss 
Vss | 
PaolTin) 
Pos(Tout!) we ss 
P22(SCLK) ms 
Paa(Rx) = ns . 
PoalTx) a 
P2s(Tout2) = 
P26{Tout3) ‘e 
ParlTeux) 
Do 
Ss Oo, 
So 
& |-—o, 
zb—-». 
be Ds 
a D, 
oO, 
‘ Ao 
= —a, 
F) Ay 
5 Ay 
a ey 
s Ay 
3 Ae 
Pso(IROh) _ Ar 
Ps (IAC) 
Ps2{MR) 
Psx(HALT) As 
Pre = Ay 
Py 2 Ao 
Pye 3 " 
Ps, a .. 
iy Ay 
3 Ave 
< An 


192 Bytes 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 







HD6303X, HD63A03X, HD63B03X 





® ABSOLUTE MAXIMUM RATINGS 


Item Value Unit 
Supply Voltage -0.3 ~ +7.0 V 
Input Voltage -0.3 ~ Voc +0.3 V 
Operating Temperature -40 to +85 °C 
Storage Temperature -55 to +150 °C 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To 
assure the normal operation, we recommend Vin, Vout: Vss < (Vin OF Vour) = Voc: 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V+10%, Vgg = OV, Ta = -40 to + 85°C, unless otherwise noted.) 


Item | Symbol_| Test Condition |_min | typ_| max _| Unit 
RES, STBY [Vec-05 | — | 
Input “High” Voltage EXTAL Vin | Vecx0.7 | — | ae Vv 
2.0 - 


Port 2 Pin 22 HS (seme lg a 


input “Low’” Voltage a Os, (ee oe 
NMI, RES, STBY, a roe 

Input Leakage Current MP,. MP, Port 5 tht | Vin = 0.5 ~ Vec-0.5V Le ee) ae uA 
Three State (off-state) Ao~Ai5, Do~D7, RD, a pes 

Leakage Current WR, R/W,Port 2,Port 6 Itrs1I Vin = 0.5~Vec-0.5V HA 

= -200uA 

Output “High” Voltage | All Outputs Von | pM=aeA __} 28) V 

lon = - 104A | Vec-0.7 | - | - [ V 

Output “Low” Voltage | AlOutputs | Vor | lon=16mA ee a 

Darlington Drive 2 

Standby Current | Non Operation | tere | —————S~dsCSS —*dY i | 18.0 | 

Sleeping(f=1MHz**) | =- ~—s| 1.5 | 3.0 | mA 

ise [Sleeping (f= 1.eMHz™") | _- | 23 | 45 | mA 

Current Dissipation® Sleeping (f = 2MHz"") | = | 30 | 60 | mA 

Operating (f= 1MHz™*) | _— | 7.0 | 10.0 | mA 

Operating (f= 1.5MHz™")| _— | 105 | 160 | mA 

Operating (f= 2MHz") | _— | 140 | 20.0 | mA 


* Vin min = Vec-1.0V, Vig. max = 0.8V , All output terminals are at no load. 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 


typ. value (f =x MHz) =typ. value (f = IMHz) xx 
max. value (f = x MHz) = max. value (f = 1IMHz) xx 


(both the sleeping and operating) 


© HITACHI 
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WIDE TEMPERATURE HD6303X, HD63A03X, HD63B03X 
SPECIFICATIONS 
-40°C TO +85°C 


(J VERSION) 







/@ AC CHARACTERISTICS (Vcc = 5.0V£10%, Vg = OV, Ta = -40 to +85°C, unless otherwise noted.) 


BUS TIMING 
Test | HD6303x__—|_~—sHD63A03X_— || HDSSBO3X_ | 
Cyale Tine fap OT | 10 foes] — T10 fos |] 10 | 
Enable Rise Tin ae A 2 ee 
nable Fall Time [ter p- | - | 2% /[-}| - | 3] - |] - | 25] os 
Enable Pulse Width “High” Level® | PWen | |450{ — {| — | 300] — {| — | 220]; -— | — | os 
Enable Pulse Width “Low” Level* | 450] — | — | 300} - | -— | 220] - {| —- | nos 
Address, R/W Delay Time* jtan | - | - | 250] - | -— | 190) - | — | 160] as 
Data Delay Time | Write | toow _| | - | - | 200] - | - | 160] - | - | 120] ns 
DataSetupTime = | Read | tosr_ | so} - | - | m] - | - | 7 | - | - [os 
Address, R/W Hold Time* ftan | | so {| - | - | 50] - | - | 3 | - | - [os 
Ree ey an |Write” | tuw | | so | - | - | so] - | - | 40] - | - [os 
[Read [tun | po }| - |] - | of} -| -~- | o | - | - [os 
aS Wiruewan ——[PWew | = as | = | = ps0 | - pa] 
5, WH Delay Tire | a OD 
RD, WR Hold Time rr A I SR 
X Detay Tire ee ee 
CIR Hold Time i A a 
MR Setup Tine So tte te ete = 
MR Hold Time” [tue _| P- | - {90} - | - | 4] - | - | o | as 
E Clock Pulse Width at MR | PWema p- |-{[9]-]- [9 {[- ]- | 9 | ass 
Processor Control Set-up Time ee pay } 200} = | | er | 200) ar | coor He | ns 
Processor Control Rise Time eee frig tse, | =f =f toot toe tf ns 
Processor Control Fall Time itece | | - | = | 100} - [| - | 100} - | | 100 | ns 
“BA Deiy Time Cea fee] =P feo | = [190 [60 Tr 
Oscillator Stabilization Time ltac ‘Fig. 1-24**] 20 | — | -— | 20 | - | -— | 20 | | = | ms 
Routfuke with [Waar | | st -T-Tal-1-Lst- - le 


* These timings change in approximate proportion to teye. The figures in this characteristics represent those when tcy¢ is minimum 
(= in the highest speed operation). 
**Refer to Pages 472-476 


PERIPHERAL PORT TIMING 


_ ee 
Condition [min | tye [ mex | min | typ [max | min | typ | max_ 


Peripheral Data 

Sapa [rowase [row [raver] am] - | - [we] - | - [am] - [= [om 
Peripheral Data : ee 

Hols Time | Port2,8.6 | tron [Fig r7e*| 200 | — | - | 200 


tron le (@)- [els 
Delay Time (Enable 
Negative Transition to ns 
Peripheral Data Valid) 


**Refer to Pages 472-476 
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TIMER, SC! TIMING 


Item 


~ Timer 1 Input Pulse Width 


~ Delay Time (Enable Positive 
Transition to Timer Output) 


SCI Input Async. Mode 
Clock Cycle Clock Sync. 


SCI Transmit Data Delay 
Time (Clock Sync. Mode) 


SC! Receive Data Set-up 
Time (Clock Sync. Mode) 


SC! Receive Data Hold Time 
(Clock Sync. Mode) 


SCI Input Clock Pulse Width 


Timer 2 Input Clock Cycle 


Timer 2 input Clock Pulse 
Width 


Timer 1°2, SCI Input Clock 
Rise Time 


Timer 1°2, SCI Input Clock 
Fall Time 


**Refer to Pages 472-476 


HD6303X, HD63A03X, HD63B03X 





WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 






Test H a HD63A03X HD63B03X ; 
Symbo Condition Unit 


Scr a 
Se ee In 


Fig tats*} 10 | - | - [ro | - | - | o} - | - | tee 
ae Le ee nee 0 ee ee ee 


ns 


ns 
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WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 
(J VERSION) 






HD6303Y, HD63A03Y, 
HD63B03Y, HD63CO03Y 





The HD6303Y is a CMOS 8-bit single-chip microprocessing unit 
which contains a CPU compatible with the CMOS 8-bit microcom- HD6303YPU, HD63A03YPu, 
puter HD6301V, 256 bytes of RAM, 24 parallel I/O pins, Serial HD63B03YPJ, HD63CO3YPJ 
Communication Interface (SCI) and two timers. 


FEATURES 
Instruction Set Compatible with the HD6301V1 
256 Bytes of RAM 
24 Parallel 1/O Pins 
Parallel Handshake Interface (Port 6) 
Darlington Transistor Drive (Port 2, 6) 
16-Bit Programmable Timer 
Input Capture Register < 1 
Free Running Counter X 1 
Output Compare Register < 2 
© 8-Bit Reloadable Timer (DP-645S) 
External Event Counter . 
Square Wave Generation HD6303YCPJ, HD63A03YCPu, 
© Serial Communication Interface (SCI) HD63B03YCPJ, HD63CO3YCPJ 
Asynchronous Mode (8 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode | 
@ Memory Ready 
3 Kinds of Memory Ready 
@ Halt 
@ Error Detection | 
(Address Error, Op-code Error) 
@ Interrupt — External 3, Internal 7 
@ Maximum 65k Bytes Address Space 
@ Low Power Dissipation Mode 
Sleep Mode 
Standby Mode (Hardware Standby, Software Standby) 
@ Minimum Instruction Execution Time — 0.5us (f = 2MHz) 
@ Wide Range of Operation ; 
Vec=3to 5.5V  (f=0.1 to 0.S5MHz) 
f=0.1 to 1.0MHz: HD6301Y0 * 





Vec= 5Vt 10% =0. to 1.5MHz : HD63A01Y0 HD6303YF*, HD63A03YF*, 
(703 Baume Beso HD63B03¥F*, HD6SCO3YF™ 


= GENERIC PART NUMBER 
HD6303YPJ, HD63A03YPJ, HD63B03YPJ, HD63CO3YPJ 
HD6303YCPJ, HD63A03YCPU, HD63B03YCPJ, HD63CO3YCPJ 





(FP-64) 


*Contact Hitachi Sales Office 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 







¢ HD6303YPJ, HD63A03YPU, 
HD63B03YPJ, HD63CO03YPJ 


HD6303Y 





(Top View) 
(DP-64S) 


WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 


e HD6303YCPJ, HD63A03YCPJ, 
HD63B03YCPJ, HD63C03YCPJ 





e HD6303YF*, HD63A03YF*, 
HD63B03YF*, HD63C03YF* 





(Top View) 
(FP-64) 


*Contact Hitachi Sales Office 
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO3Y 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 








a BLOCK DIAGRAM 


> 

oO oi 

Vec —e ecules 
Vss Sse le. 


Pao(Tin  ) 





P2;( Touts) oc —»> RD 
P22(SCLK) Q WR 
P23(Rx_ ) ey R/W 
Pas(Tx =) = CIR 
P25( Tout2) 5 BA 
P26( Tout3) 
P27(TCLK) Do 
te ‘ 
= D; 
D2 
@ . 
“ Ds 
a Da 
2 Ds 
© Ds 
2 D7 
Ao 
” Oo | 
ae A2 
oF! a, 
oles] 
a ”~” Aa 
F As 
Pso(IRQi ) As 
Psi(TRQ2 ) A? 
Ps2(MR_) ; 
Ps3( HALT) As 
Psa(IS) A oe Ag 
Pss(OS_) es Ato 
Pse sa Ain 
Ps? 2 “ Ai2 
a A13 
Peo Ais 
Pe «x Ais 
P62 wo a 
Pes rE | © 
Pes © & 
Pes | © RAM 
Pee | 256Bytes 
Pe H | 
© HITACHI 
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO3Y 






WIDE TEMPERATURE 
SPECIFICATIONS 
-40°C TO +85°C 

(J VERSION) 








12 HD6303Y, HD63A03Y, HD63BO03Y, Electrical Characteristics 


Absolute Maximum Ratings 


item Symbol Value Unit 
Supply voltage Vec —0.3 to +7.0 V 
Input voltage Vin —0.3 to Vec+0.3 V _ 
Operating temperature Topr —40 to +85 i 
Storage temperature Tstg —55 to +150 °C 

Nate: This product has protection circuits in input terminal from high static electricity voltage and high electric field. 


But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the 
normal operation, we recommend Vin, Vou! Ves (Vin OF Vout) BVecc. 


Electrical Characteristics 


DC Characteristics _ | 
(Voc = 5.0V + 10%, f=0.1 to 3.0 MHz, Vgg =0 V, Ta=-40 to + 85°C, unless otherwise noted) 





Item Symbol Min Typ Max Unit Test Condition 
Input high voltage RES, STBY Vin Vec—0.5 Vec+0.3 V 
EXTAL Vcc X0.7 Vec+0.3 V 
Other inputs 2.1 Vect+0.3 V 
Input low voltage All other inputs Vit —0.3 08/0.63 V 
Input leakage current RES, NMI, STBY, Hin| 1.0 uA Vin=0.5 to Vcc—0.5 V 
MPo, MP4 
Three state Ao-A15,D0-D7,RD litsil 1.0 nA Vin=0.5 to Vcc—0.5 V 
leakage current WR,R/W,Ports 2,5,6 
high volt 4 ears 
Output high voltage All outputs Von 2 V lon 200 vA 
Vcc—0.7 V loo=—10 yA 
Output low voltage All outputs VoL 0.4 V loL=1.6 mA 
Darlington drive Ports 2, 6 —loH 1.0 10.0 mA Vout=1.5 V 
current 
Input capacitance All other inputs Ci 12.5 pF Vin=OV, f=1 MHz 
_ Ta=25°C 
Standby current Not operating Ist 3.0 15.0 uA 
Current dissipation! Is-p 1.5 3.0 mA Sleeping (f=1 MHz?) 
23 45 mA Sleeping (f=1.5 MHz?) 
3.0 6.0 mA Sleeping (f=2 MHz?) 
4.5 9.0 mA Sleeping (f=3 MHz?) 
Icc 7.0 10.0 mA = Operating (f=1 MHz2) 
10.5 15.0 mA = Operating (f=1.5 MHz?) 
14.0 20.0 mA Operating (f=2 MHz?) 
21.0 30.0 mA Operating (f=3 MHz?) 
RAM standby voltage VRAM 2.0 V 
Notes : 


1 Vin min=V,,—1.0V, V,, max=0.8V (All output terminals are at no load.) 
2. Current dissipation of the operating or sleeping condition 1s proportional to the operating frequency. So the typ. or max. values about: 
current dissipations at x MHz operation are decided according to the following formula: 
typ. value (f=x MHz) =typ value (f=1 MHz) xx 
max value (f=x MHz) =max. value (f=1 MHz) xx 
(both the sleeping and operating) 
3. Incase of SCLK Input. V, = 0.6V (— 20°C ~ 0°C) 
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WIDE TEMPERATURE HD6303Y, HD63A03Y, HD63B03Y, HD63CO3Y 


SPECIFICATIONS 


~40°C TO +85°C 
(J VERSION) i 





AC Characteristics 
(Voc = 5.0V + 10%, f=0.1 to 3.0 MHz, Vgg =0 V, Ta=~40 to + 85°C, unless otherwise noted) 


Bus Timing 









































HD6303Y HD63A03Y HD63B03Y HD63CO3Y 
Item Symbol Min Typ Max Min Typ Max “Min Typ Max Min Typ Max Unit re 
Cycle time teye 1 10 0.666 10 0.5 10 390.333 10 ys Fig. I-15* 
Enable rise time ter 25 25 25 20 ns 
Enable fall time — tes 25 25 25 20 ns 
Enable pulse width high level! PWen 450 300 220 140 ns 
Enable pulse width low level! PWe, 450 300 220 140 ns 
Address, R/W delay time} tao 250 190 160 120 ns 
Data delay time (Write) tppw 200 160 120 100 = ns 
Data set-up time (Read) tosR 80 70 60 50 ns 
preeen R/W hold time? taH a6 50 40 20 ‘ns 
Data hold time (Write)? tyw 70 50 40 20 ns 
(Read) tHR 0 0 0 0 ns 
RD, WR pulse width! PWraw 450 300 220 | 140 ns 
RD, WR delay time tawo | 40 40 40 40 ns 
RD. WR hold time tyRw 20 20 20 20 ns 
LIR delay time toLr 200 a 160 120 80 ns 
“DR hold time tHLR 5 5 5 : 5 ns 
Peripheral read access time! tacc 180 ns 
MR set-up time tSMR 400 280 230 170 ns Fig. ae 
“MR hold time! tHMR 100 70 50 25 ns 
E clock pulse width at MR PWemr 9 9 9 9 us 
Processor control set-up time tpcs 200 200 200 100 ns Figs. 17, 
1-27, |-28* 
Processor control rise time tpcr 100 100 100 50 ns Aika 6, 
Processor control fall time tect 100 100 “100 50 ons 
BA delay time tga 250 190 160 420s Fig. I-17" 
Oscillator stabilization time tre 20 20 .20 20 ms Fig. |-28* 
Reset pulse width PWrst 3 3 3 3 teyc . 








Note: 1. These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when tcyc ts minimum (=in 
the highest speed operation). 


“Refer to Pages 618-621 
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO3Y WIDE TEMPERATURE 


SPECIFICATIONS 
-40°C TO +85°C 
(J VERSION) 


Peripheral Port Timing 


HD6303Y HD63A03Y HD63B03Y 
Test 











item Symbol Min Typ Max Min Typ Max Min Typ Max Unit Condition 
a NT a ee ee oA ee tee Ne ons Be al 
Peripheral data (Ports 2, 5, : 
. t 200 200 200 ns ig. Il-19* 
set-up time 6) pDSU : g 
Peripheral data (Ports 2,5 
om tif 200 0 200 ns 
hold time 6) PDH ee 
Delay time (From (Ports 2, 5, 
enable fall edge to, tpwo 300 300 300 ns Fig. |-20* 
peripheral output) ' 
Input strobe pulse 
Mi n towis 200 200 200 ns Fig, |-35° 
width ; 
| 
PRE CBE NOG AB oie) tH 150 150 150 ns 
time 
PUL Cale SETUP Bad 6) tis 100 100 100 ns 
time 
a a a Bs a ee i a 
Output strobe 
; t 200 200 200 n iq. |-25* 
time OsD1 S_ Fig. 1-25 
tosD2 
“Refer to Pages 618-621 
Timer, SC! Timing 
HD6303Y HD63A03Y HD63B03Y 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit ae 
Timer 1 input pulse width tpwr 2.0 2.0 2.0 — teye Fig. 1-23* 
Delay time (enable positive Figs. I-21, 
transition to timer output) ‘TOD apy en a aed 
SCI input rAsyne mode) = tgcye, 1.0 1.0 ae teye Fig. -23* 
clock cycle ‘Clock syne.) 2.0 2.0 2.0 teye Fig. |-18* 
SCI transmit data delay Fia. 1-18* 
time (Clock s sync. mode) {TxD 240 240 240 “ bis eerie 
SC! receive data set-up 
time (Clock sync. mode) tsRXx poe 280 - ” 
SCI receive data hold time 
(Clock sync. mode) . tHRX ve cade ss ig 
SCI input clock pulse width tpwscx 0.4 0.6 0.4 0.6 0.4 0.6 — tScyc Fig. 1-23* 
Timer 2 input clock cycle tteyc 2.0 2.0 2.0 teyc 
Timer 2 input clock pulse width tpwrex 200 200 200 ns 
Timer 1 - 2, SCI input clock aan , 
‘ae time ea ‘kr ete = ae = eee ee 
Timer 1 + 2, SCI input clock 


0 
tail time tcxt 100 100 10 ns 





“Refer to Pages 618-621 
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NOTES: 
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